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I 
INTRODUCTION 
It has been reported that mice have an increased sensitivity to 
histamine either after they have been infected with HemoEhilus per-
tussis or injected with one of several types of vaccines prepared from 
this organism. This investigation is based on this observation and 
divided into 3 phases: 
1. Experiments designed to determine whether certain 
other antigenic materials can also increase sensi-
tivity to histamine in the mouse, 
2. Experiments designed to determine some of the 
properties of the factor present in ~. pertussi~ 
which increases sensitivity to histamine in the 
mouse, and finally 
3. Experiments designed to determine the activity of 
the mouse pituitary-adrenal system during the 
sensitization process. 
i 
II 
HIS'l'ORY 
Parfentjev and Good.line (1) discovered that intraperitoneal in-
jection of small amounts of histamine into mice which previously had 
received Hemophilus pertussis, produced a reaction which had many of 
the characteristics of anaphylactic shock. Mice which had been given 
~. pertussis vaccine (2,3,4,5) 5 days previously were as sensitive to 
2 mg. of histamine as controls were to 50 milligrams. This altered 
reactivity persisted for at least an additional ll to 12 days. 
Living ~· pertussis has been found to produce the same decreased 
tolerance to histamine. Pittman ( 6, 7) demonstrated this by intranasal 
inoculation of viable organisms into mice. The sensitivity was greatest 
10 to 20 days after infection, slowly declined, but was still demon-
strable after 50 days. She also found that the highest incidence of 
sensitivity, lung involvement, and recovery of the organism coincided, 
but that sensitization and gross pathologic changes persisted longer 
than the infecting organism. Apparently immunity was developed since 
as most of the survivors were resistant to intracerebral inoculation of 
the same organism. 
Malldel and Hargis (8,9) have reported that a Brucella abortus 
vaccine enhanced sensitivity to histamine in the mouse. This increased 
sensitivity, while significant, was much less than that developed follow-
ing administration of !!• pertussis. This is the only additional organism 
that has been reported to increase sensitivity to histamine in mice. 
Several antihistaminic drugs have been found to be e.ffecti ve in pre-
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venting histamine shock in mice which have been given !;!. pertussis. 
These included Bromothen (1), Phenergan (10,11), Cblortrimeton (12), 
Thephorin (13), and Neo-Antergan (14). 
The factor present in ~. pertussis which was responsible for in-
ducing histamine sensitivity in mice has not been identified. However, 
some of its characteristics have been reported. Halpern and Roux (10) 
have reported that a vaccine prepared from a Phase I (smooth) organism 
which was treated with formalin induced an increased sensitivity to 
histamine. A Phase IV (rough) organism treated with either fonnalin or 
merthiolate was without effect on histamine tolerance in mice. A Phase 
I organism treated with merthiolate was too toxic to use in similar ex-
periments. 
In comparing the histamine-sensitizing property with the immuno-
genic activity of several different ~. pertussis vaccines, Pittman (15) 
presented evidence which indicated that, while vaccines which induced 
the highest degree of histamine sensitization usually afforded the best 
protection against cerebral infection mice, the two factors were not 
the same. The sensitizing property was reduced relatively· more than the 
1 protective activity by prolonged heating. A vaccine of sufficient tox-
icity to induce dermonecrosis induced much less sensitivity than the 
same vaccine after destruction of toxin b,y a short period of heating. 
The 50 per cent protective doses of the heated and unheated portions 
were not significantly different. The presence of alum in the vaccine 
altered th~ sensitivity response by causing a slight delay in reaching 
peak sensitivity, a slight prolongation, and at times a higher degree · 
of sensitivity. In comparing the alum vaccine with the plain vaccine, 
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frequently less protection was obtained with larger doses and better 
protection with smaller doses of alum vaccine. This finding seemed to 
indicate that some factor other than absorption could have been respon-
sible for altering the protective response. The time of development of 
maximal protection and max:i.ma1. sensitivity did not coincide. Peak sen-
sitivity was observed around 5 days, while better protection was obtained 
after 10 or, with the alum vaccine, 14 days. 
Thiele and Schuchardt (12) have reported that quercitin, an aglycone 
flavanoid of the vi tamin-P group capable of inhibiting histidine decar-
boxylase (16), when administered during the period between immunization 
with~. pertussis and histamine challenge inhibited the development of 
histamine hypersensitivity. This compound was unable to block the 
lethal action of histamine when given immediately prior to histamine 
challenge. Using this finding as a method of suppression of histamine 
sensitivity after injection of ~. pertussis, they presented data from 
which they concluded that suppression of the development of histamine 
sensitivity did not interfere with the development of immunity. This 
was determined by intracerebral inoculation of the organism into groups 
of mice which were both hypersensitive and immune as well as into groups 
in which the development of hypersensitivity had been inhibited. 
Pittman (17) discovered that the female mouse was more sensitive 
to histamine than the male, both normally and after treatment with !!· 
pertussis. The difference was greater in the histamine-sensitive female. 
In mouse protection tests more females than males survived challenge in-
fection with a difference of the same magnitude as between the histamine 
sensitivity of the two sexes. 
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The mechanism of production of histamine sensitivity by !!• per-
tussis has not been studied in detail. Parfentjev and Schleyer (18) 
have noted that the effects of histamine administered to sensitized 
mice resembled insulin shock. They determined the blood sugar level 
in sensitized mice and followed it after injection of histamine. Sen-
sitization with concentrated!!· pertussis vaccine produced a lasting 
hypoglycemia. Injection of sublethal amounts of histamine was followed 
b,y an additional decrease in blood sugar in sensitized mice, while 
normal controls responded with hyperglycemia. Furthermore, sensitiza-
tion with !!• pertussis interfered with the diabetogenic effect of 
alloxan. 
It has been stated in various reports concerned with histamine 
sensitivity that adrenalectomy increased sensitivity to histainine in 
rats (19,20,21,22) and mice (23,24). Adrenal transplants (21) or ad-
ministration of cortical extracts (20,22) decreased the heightened sen-
sitivity to histamine in adrenalectomized rats. Injection of cortisone 
increased histamine tolerance in adrenalectondzed mice (23,24), and epi-
nephrine administered with cortisone resulted in an increase in hista-
mine tolerance to the normal level (24). 
Halpern and Benacerraf (2.5), Kind and Parfentjev (26), and Kind 
(14) have £ound that cortisone (26,14) and DOCA (25) protected mice 
which had been given !!• pertussis previously against histamine hyper-
sensitivity. One can postulate, therefore, that adrenal function in 
the mouse is in some way impaired by the action of !!• pertussis, and 
that one manifestation of this is an increased sensitivity to hista-
mine. 
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III 
MATERIALS AND ~ffiTHODS 
A. Animals--- The animals which were used in this investigation 
were white Swiss mice obtained from Harvard University. They were from 
4 to 8 weeks old. Their weights ranged from 15 to 22 grams. About 
equal numbers of males and females were used in the group. 
B. Antigens--- Hemophilus pertussis and Salmonella typhosa vac-
cines and normal horse serum were obtained from the Institute of 
Laboratories, Massachusetts Department of Public Health. !!· pertussis 
vaccine had been killed and preserved with mer·t.biolate in a concentra-
tion of 1:101 000. One milliliter contained 20,000 million cells of 
!!• pertussis. §_. typhosa vaccine had been killed with mer·t.biolate in 
a concentration of 1:5,000 and preserved with a concentration of 
1:101 000. One milliliter contained 1,000 million cells of §_. typhosa. 
For certain experiments !!· pertussis vaccine was modified in the 
following ways: 1. The cells and supernatant of !!· pertussis vaccine 
were separated by centrifuging the suspension at 121 000 rpm for 10 
minutes in a Servall TSS2 angle centrifuge. The supernatant was re-
moved and a portion of it filtered through a Selas 02 filter. The 
cells were washed 2 times, centrifuged, and finally brought back to 
the original volume with 0.85% NaCl. 
2. !!• pertussis vaccine was mixed with an equal volume of acetone 
at room temperature. The precipitate was separated by centrifugation 
at 12,000 rpm for 10 minutes in a Servall TSS2 angle centrifuge. The 
precipitate was washed twice with acetone, air dried, and resuspended 
in 0.85% NaCl to the original volume. 
3. ~. pertussis vaccine was heated in a water bath at 56° C 
for 30 minutes, 56° C for 48 hours, or 93° to 9SO C for 30 minutes. 
4. Five toxic fractions of ~. pertussis (Phase I or smooth) pre-
pared by Robbins and Pillemer (27) were made available to us for study 
by Dr. Robbins. Serial dilutions of each of these were made in dis-
tilled water and injected intraperitoneal~ in 1.0 ml. amounts to 
determine toxicity. That dilution of each fraction which caused death 
to 5 per cent to 10 per cent of the group during a 6 day period was 
used for study. 
Serratia marcescens and Salmonella typbimurium were grown on a 
medium composed of 1.8 per cent agar, 1 per cent peptone and 0.3 per 
cent beef extract (Difco). After 48 hours' incubation at 37° C the,y 
were harvested in o.85% NaCl, precipitated wit h 2 volumes of acetone, 
centrifuged at 2,000 rpm for 15 minutes and washed 3 times with acetone, 
the organisms collected on a Buchner funnel, and finally air dried. 
MYcobacterium tuberculosis hominis was obtained from the Institute 
of Laboratories, Massachusetts Department of Public Health. The cul-
ture was killed by autoclaving, washed 3 times in 0.85% NaCl and 
centrifuged at 5,000 rpm for 15 minutes. After the third washing, the 
organisms were dried by lyophilization. 
c. Drugs--- 1. Cortone Acetate (11-Dehydro-17-hydroxycorti-
costerone-21-acetate) was obtained from Merck and Co. It is referred 
to as cortisone in this investigation. 
2. Adrenalin Chloride (1-methylaminoethanolcatechol hydrochloride) 
was obtained from Parke-Davis and Co. It is referred to as epinephrine. 
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3. ACTHAR ( a brand of adrenocorticotrophic hormone) was obtained 
from Armour and Co. It is referred to as ACTH. 
4. Neo-Antergan (a brand of pyranisamine maleate) was obtained 
from Merck and Co. 
5. Histamine Phosphate was obtained from Burroughs Wellcome and 
Co. 
D. Physiological and chemical determinations.---!. Peripheral 
blood cell counts.---Blood for all cell counts was obtained by cutting 
a tail vein with a sharp razor blade. Erythrocytes and leukocytes were 
counted in the usual manner. Smears for differential counts were 
stained with Wright's stain. One hundred leukocytes were counted per 
slide. 
2. Eosinophil counts.---Blood was obtained as described previous-
ly. The numbers of circulating eosinophils were counted by the method 
of Speirs and Meyer (28). Blood for all counts was taken between 9:00 
and 11:30 o'clock in the morning to eliminate possible diurnal varia-
tion in the numbers of eosinophile which has been reported to occur 
nonnally ( 29). 
3. Adrenal weight.---The adrenals from individual animals were re-
moved and all apparent excess fat removed. The two glands were then 
weighed by difference on glass cover slips to the nearest 0.1 milligram. 
They were weighed within 5 minutes of the time of their removal from 
the animal body. During this time they were kept in a closed moist 
chamber. 
4. Adrenal cholesterol content.---Each sample for cholesterol 
analysis consisted of weighed pairs of adrenals from a single animal. 
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The Liebermann-Burchard Reaction for cholesterol was adapted to this 
material as follows: 
The tissue was ground by means of fine sand and solid glass rods 
in 1.5 ml. conical centrifuge tubes. Ten milliliters of a mixture of 
equal parts of absolute ethyl alcohol and ether were added to each 
tube, mixed thoroughly with the ground tissue, and allowed to stand at 
room temperature. After one hour, the tubes were centrifuged at .500 
rpm for 10 minutes. The supernatant was decanted into .50 ml. Erlenmeyer 
flasks. The residue was extracted with acetone-ether two additional 
times as described above. The combined extracts were evaporated to 
dryness in a boiling water bath. The dr.y residue was taken up in 10 ml. 
of chloroform and placed in a 2SO C water bath for .5 minutes, and then 
4 ml. of acetic anhydride and 0.1 ml. of concentrated sulfuric acid 
were added with thorough mixing to each flask. After exactly 20 min-
utes the contents of the flasks were poured into calibrated test tubes 
and read in a Lumitron Colorimeter with a 660 millimicron filter. A 
known standard was run simultaneously with each set of determinations. 
E. Histological studies.!--The adrenals from individual animals 
were removed and fixed immediately in a 10 per cent solution of for-
malin. After 24 hours, they were removed and all apparent excess fat 
trinuned away. Frozen sections were cut at± 15 micra and stained with 
Sudan Black B for lipid material. The same sections were examined with 
a polarizer for birefringence, i.e., cholesterol or cholesterol esters. 
* These sections were made and described by Dr. w. c. Barrett, Depart-
ment of Anatomy, Boston University School of Medicine. 
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F. Stress.---1. Heat.---Metal cages, with not more than 4 ani-
mals per cage, were placed in an incubator which registered 38° to 40° c. 
The cages were shaken at 10 minute intervals throughout the beating 
period. 
2. Cold.---Metal cages, divided into compartments which contained 
only 1 animal per compartment, were placed in a refrigerator at z 40 c. 
The animals were not disturbed during the time they were in the re-
frigerator. 
G. Statistical analysis.---The statistical approach depended on 
the nature of the data and upon the conditions of the individual experi-
ments. The means and standard deviations have been presented in the 
tables following each series of experiments. The changes associated 
with different methods of treatment were analyzed as paired data. Of 
necessity adrenal weights and cholesterol levels were treated as group 
data. The significance of differences was tested by Fisher's 11 t 11 test. 
"p" (probability) values of less than o.o5 were considered significant. 
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IV 
RESULTS 
A. Influence of the route of injection of Hemophilus pertussis 
vaccine in sensitizing mice to the lethal action of histamine admini-
stered by various routes.---In previous reports concerned with increased 
sensitivity to histamine in mice induced by_!:!. pertussis. Injections 
of both the organism and histamine were made intraperi. toneally or the 
routes of administration employed were not mentioned. Therefore, it 
was thought necessary to determine whether the route of injection of 
either of these substances was in any way involved in the sensitizing 
process. 
One milliliter of !:!• pertussis vaccine was given to each animal. 
Injections were given intraperitoneally, in a tail vein, or subcutaneous 
at the back of the neck. After 5 days, the various groups were given 
1.0 ml. of an aqueous solution containing 2.0 mg. of histamine phos-
phate. Injections of histamine were made into the various sites listed 
above. All animals in this experiment died within 30 minutes after 
histamine was given. 
It was found that sensitivity to histamine developed regardless 
of the route of injection of ,!:!. pertussis vaccine. It could be demon-
strated by injection of histamine by any 1 of 3 routes (Table 1). The 
intraperitoneal route of injection, therefore, was employed throughout 
the remainder of this investigation unless otherwise stated. In all 
experiments, animals were kept for 24 hours after the injection of 
histamine. The length of time between injection of histamine and the 
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last death observed in any particular group was recorded. 
B. Tolerance of mice to histamine after injection of various 
antigens.---It is desirable to know whether the ability to sensitize 
mice to histamine is a unique property of !!• pertussis or whether it 
is also seen after administration of other antigens. 
Groups of animals were given one of the following: 1.0 ml. o:r !!• 
pertussis vaccine, o.5 ml. of~· typhosa vaccine, 0.5 ml. (containing 
0.25 mg. of dried material resuspended in distilled water) of either 
~. marcescens or ~. typhimurium, 0.5 ml. (containing 0.1 mg. of dried 
material resuspended in distilled water) of M. tuberculosis hominis, or 
1.0 ml. of normal horse serum. Five to ten per cent of the groups 
which received !!• pertussis, ~. marcescens, ~· typhimurium, or ~· 
tuberculosis died at various time intervals after injection, presumably 
due to the torlci ty of the preparation. All of the animals in the 
other groups survived the injection of antigen. 
Animals were selected from each of these groups and given from 
1.0 mg. to 100 mg. of histamine phosphate in 1.0 ml. of distilled water 
at intervals following administration of the antigens. All of the 
mice which died did so within 4 hours after injection of histamine. 
It was found that mice injected with !!• pertussis vaccine de-
ve1oped an increased sensitivity to histamine which was observed first 
on the £ifth day after injection of the organism and lasted at least 
10 additional days. The histamine tolerance of groups of mice which 
had been given ~. typhosa, ~· marcescens, ~. typhimurium, !:!· tuber-
culosis, or normal horse serum was not different from controls which 
had received 0.85$ NaCl. These results are tabulated in Table 2. 
ll 
c. Tolerance of mice to histamine five days after injection of 
chemically or physical~ altered Hemophilus pertussis vaccine.---These 
experiments were undertaken in order to elucidate further some of the 
properties of the factors present in ~· pertussis involved in histamine 
sensitivity. Previous investigations on this subject have been dis-
cussed in the review of the literature. 
Groups of mice were injected with 1. 0 ml. of one of the following 
preparations of altered H. pertussis vaccine: unfiltered supernatant, 
filtered supernatant, cells washed and resuspended in 0.85% NaCl, 
acetone precipitated residue resuspended in 0.85% NaCl, or the ~. per-
tussis vaccine which had been heated at different temperatures for 
various periods of time. Five days later these groups were given from 
2.0 mg. to 32.0 mg. of histamine phosphate. All of the animals dying 
did so within 2 hours following administration of histamine. 
The results obtained from these experiments indicated that both 
the cells and the clear supernatant of ~. pertussis vaccine were able 
to induce sensitivity to histamine. This property was either removed 
or destroyed by filtration and precipitation with acetone. Heating 
the vaccine at 56° C for 30 minutes had little effect, 56° C for 4 
hours considerably more, and 93° to 9SO C for 30 minutes completely 
destroyed its ability to sensitize mice to histamine. These results 
are shown in Table 3. 
D. Tolerance of mice to histamine five days after injection of 
toxic fractions of H. pertussis.---These experiments were undertaken 
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to determine the role of certain toxic fractions of ~. pertussis in 
sensitization to histamine. 
Groups of mice were injected with 1.0 ml. of the 5 individual 
toxic fractions of H. pertussis. Five days later these groups were 
given from 4.0 mg. to 32.0 mg. of histamine phosphate. The animals 
were observed during a 24 hour period following the administration of 
histamine. 
Those groups which had received toxic fractions TP-PII, TP-PIII, or 
T18-P-III (Robbins and Pillemer1 s designations, 27) appeared to have a 
slight~ increased sensitivity to histamine. This difference from 
normal was negligible in comparison with the group which had been given 
~· pertussis vaccine. The histamine tolerance of the groups which had 
received either fraction T-18-PII or 'rN-PIII-R was similar to that ob-
served in normal mice. These results are presented in Table 4. 
E. Histamine tolerance of mice given H. pertussis after treatment 
with cortisone, epinephrine, ACTH or Neo-Antergan.---It has been pointed 
out in the review of the literature that both rats and mice are hyper-
sensitive to histamine after adrenalecto~. Therefore it was thought 
that~. pertussis in some unknown manner might inhibit adrenal function 
and that this could possibly be the explanation for the reaction to 
histamine seen in mice. These experiments were carried out in order to 
determine whether adrenal or pituitary hormones could decrease the in-
creased sensitivity to histamine after injection of ~· pertussis vac-
cine. Their efficacy was compared with that of an antihistaminic drug. 
Mice were given 1.0 ml. of ~· pertussis vaccine. After 5 days, 
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these animals were divided into 5 groups and the following drugs ad-
ministered: 
Three 0.5 mg. (in 0.1 ml.) subcutaneous injections of cortisone 
were given 6 hours apart. Histamine phosphate was given in 0.5 mg. to 
10.0 mg. (1.0 ml.) amounts 6 hours after the third injection of corti-
sone. 
Twenty micrograms (in 1.0 ml.) of epinephrine were given subcutane-
ously. Histamine phosphate was given in 0.5 to 10.0 mg. (1.0 ml.) 
amounts 30 minutes after injection of epinephrine. 
Cortisone was given as described above and after 4.5 hours 20 
micrograms of epinephrine were injected subcutaneously. Histamine 
phosphate was given in 10.0 mg. to 50 mg. (1.0 ml.) amounts 30 minutes 
after administration of epinephrine. 
Fifty micrograms (in 1.0 ml.) of ACTH were injected subcutaneously. 
Histamine phosphate was given in 0.5 mg. to 10.0 mg. (in 1.0 ml.) amounts 
2 hours after treatment with ACTH. 
Neo-Antergan was given in a single 0.5 ml. (0.5 mg.) subcutaneous 
injection. Histamine phosphate was given in 10.0 mg. to 50.0 mg. 
(in 1.0 ml.) injections 15 minutes after administration of Neo-Antergan. 
The results of these experiments indicated that when either corti-
sone or epinephrine was administered to mice, there was a significant 
increase in the animal's tolerance to histamine which had been pre-
viously decreased after injection of g. pertussis. When both of these 
hormones were administered together, the increase in resistance to 
histamine was much more marked. Neo-Antergan, an antihistaminic drug, 
afforded the best protection against histamine of any substance tested. 
ACTH, in the dose used, was found to be wit hout effect on histamine 
sensitivity. The treated groups were compared with controls which had 
received either 0.85% NaCl or the cortisone suspension medium instead 
of one of the hormones or the antihistarninic drug. These observations 
are summarized in Table 5. 
F. The leukocytic response in groups of mice given either H. per-
tussis, s. typhosa, normal horse serum, or 0.85% NaCl.---These experi-
ments were carried out to determine whether or not ~· pertussis 
influenced the circulating leukocytes in any way different from 
materials which did not alter mouse sensitivity to histamine (§.. typhosa, 
normal horse serum, or o.B5% NaCl). 
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Each group of mice were given one of the following: 1 ml. of !!• 
pertussis vaccine, 0.5 ml. of ~. typhosa, 1 ml. of normal horse serum, or 
1 ml. of 0.85% NaCl. Erythrocyte, leukocyte, and differential leukocyte 
counts were done on the same mice daily for 5 days and at 8 and 12 days 
after injection of the 4 substances. 
There was a significant increase in the total numbers of leukocytes 
in groups of animals which had received !!· pertussis vaccine. This in-
crease was observed on the first day after injection, increased, and 
sti11 was markedly elevated 12 days later. There were no significant 
differences in the circulating leukocytes in the groups which had re-
ceived either~. typhos~ vaccine, normal horse serum or 0.85% NaCl • . 
These results are presented in Table 6 and analyzed in Table 7. 
The results obtained from the differential counts indicate that 
the leukocytic response seen after !!• pertussis vaccine was not specific. 
There was no significant change in the percentage of any cell type. 
These results are presented in Table 8 and analyzed in Table 9. 
The numbers of erythrocytes did not change significantly in any of 
the 4 groups for at least 5 days after injection of the 4 substances. 
The erythrocyte counts of the group which had been given !!· pertussis 
vaccine was followed for 8 days after injection, and did not change 
significantly from normal. These results are presented in Table 10 and 
analyzed in Table 11. 
G. The eosinophil response in groups of mice given either H. per-
tussis, s. typhosa, normal horse serum, or 0.85% NaCl.---These 
experiments were carried out to determine the numbers of circulating 
eosinophils in groups of animals treated as follows: 
Each group of animals were injected with one of the following: 
1 ml. of !!• pertussis vaccine, o.5 ml. of ~. typhosa, 1.0 ml. of normal 
horse serum, or 1 ml. of 0.85% NaCl. Counts were made 30 minutes, 1, ~, 
and 4 hours, and daily after injection of the 4 substances. On the 
fifth day after injection counts were made before and after 2.5 hours 
of heat stress. 
Animals which had been injected 5 days previously with 1.0 ml. of 
~· pertussis vaccine were given one of the following: 20 micrograms 
of epinephrine, 0.5 mg. of Neo-Antergan, or 50.0 micrograms of ACTH 30 
minutes before the onset of 2 hours of heat stress. Eosinophil counts 
were made immediately after the end of the heat stress. In addition, 
counts were made in groups which had received 0.5 mg. of cortisone in 
3 injections 6 hours apart and in groups which had received 20 micro-
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grams of epinephrine 4.5 hours after the third injection of cortisone 
given as described above. Both of these groups were subjected to 2 
hours of heat stress 5 hours after the third dose of cortisone. The 
injections of the horniDnes and Neo-Antergan were subcutaneous. 
The numbers of circulating eosinophils decreased significantly 
during the first 30 minutes in groups which previously had been given 
~. pertussis or £. typhosa vaccine, and between the first and second 
hour in the groups which had received normal horse serum. These de-
creases remained significant for at least 4 hours after injection. 
The numbers of eosinophils in the control group did not change signifi-
cantly during the first 4 hours after injection. These results are 
tabulated in Tables 12 through 15 and analyzed in Table 16. 
The numbers of eosinophils in mice which had received ~· pertussis 
vaccine increased significantly and reached a maximum on the second 
day after injection. These counts gradually decreased after the second 
day and were not significantly different from the normal count on the 
fifth day after injection. In contrast, groups which had received ~. 
typhosa vaccine, normal horse serum, or 0.85% NaCl showed no change or 
a significant decrease in numbers of eosinophils. These results are 
presented in Tables 17 through 20 and are analyzed in Table 21. 
The numbers of circulating eosinophils were not significantly 
different after 2.5 hours of heat stress in the group of mice which 
had received~. pertussis vaccine 5 days previously. In contrast, the 
numbers of eosinophile were significantly decreased in groups which 
had received s. typhosa vaccine, normal horse serum or 0.85% NaCl. 
These results are tabulated in Table 22 and analyzed in Table 23. 
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Eosinophil counts made on groups of mice which had received ~. 
pertussis 5 days previously, and were treated with cortisone, epi-
nephrine, a combination of cortisone and epinephrine, or Neo-Antergan 
were decreased significantly after heat stress. The groups treated 
with ACTH showed no significant change in numbers of eosinophils after 
heat stress. These results are tabulated in Tables 24 through 28 and 
analyzed in Table 29. 
H. The adrenal weights of groups of mice given either H. pertussis, 
s. typhosa, normal horse serum, or 0.85% NaCl.---These experiments were 
carried out to determine if there were any changes in the weights of 
the adrenals of mice during the time between injection of ~. pertussis 
vaccine and the development of histamine sensitivity. In addition, 
weight determinations were made after exposure of sensitive animals to 
various stresses in order to detect any differences from normal mice 
after stress. 
Each group of animals were given one of the following: 1 ml. of 
~· pertussis vaccine, 0.5 ml. of ~. typhosa vaccine, 1 ml. of normal 
horse serum, or 1 ml. of 0.85% Nacl. At daily intervals after injection, 
mice were picked at random from each of the 4 groups and sacrificed. 
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Both adrenals were removed and weighed. On the fifth day after injec-
tion of the 4 substances, weight determinations were made immediately 
after 1 hour of heat stress, immediately after 3 hours 15 minutes of cold 
stress, 1 and 4 hours after 1 hour of heat stress followed by 1 hour of 
cold stress, or after 5.0 mg. of histamine phosphate. The group which 
had been given~. pertussis died within 5 minutes after administration 
of histamine. Other groups were sacrificed wi. thin the same time period. 
The only significant changes in adrenal weight during 6 days after 
injection of ~. pertussis vaccine, ~. typhosa vaccine, normal horse 
serum, or 0.85% NaCl was a decrease on the third and fifth days after 
injection of ~. pertussis. These results are presented in Tables 30 
through 33 and analyzed in Table 34. 
The adrenals of mice which had received either ~. pertussis or~. 
typhosa did not change significantly in weight immediately after 1 hour 
of heat stress or 3 hours 15 minutes of cold stress. Groups which had 
received normal horse serum or 0.85% NaCl had a significant decrease 
in adrenal weight after 1 hour of heat stress, but no significant 
change after 3 hours 15 minutes of cold stress. One and four hours 
after 1 hour of heat stress followed by 1 hour of cold stress, only the 
group which had been given -~. pertussis showed a significant difference 
in adrenal weight. This was an increase. 'fhere was a significant de-
crease in adrenal weight in the group which had been given 0.85% NaCl. 
Otherwise there were no significant changes after histamine. These re-
sults are tabulated in Tables 35 through 39 and analyzed in Table 40. 
I. The cholesterol content of the adrenals of mice given either 
H. pertussis, s. typhosa, normal horse serum or 0.85% NaCl.---These 
experiments were carried out to determine if there were any changes in 
the cholesterol content of the adrenals of mice during the time between 
injection of ~. pertussis vaccine and the development of histamine sen-
sitivity. In addition, determinations were made after exposure of 
sensitive animals to various stresses in order to detect any differences 
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from normal mice. 
Groups of animals were given 1.0 ml. of li• pertussis vaccine, 0.5 
m1. of ~. typhosa vaccine, 1.0 ml. of normal horse serum or 1.0 rnl. of 
0.85% NaCl. At dai~ intervals after injection, mice were picked at 
random from each of the 4 groups and sacrificed. Both adrenals were 
removed and analyzed for cholesterol. On the fifth day after injection 
of the 4 substances, cholesterol was determined immediately after 1 
hour of heat stress, immediately after 3 hours 15 minutes of cold 
stress, 1 and 4 hours after 1 hour of heat stress followed by 1 hour 
of cold stress, or after 5.0 mg. of histamine phosphate. The group 
which had been given li· pertussis vaccine died within 5 minutes after 
administration of histamine. Groups subjected to the other types of 
s t ress were sacrificed within the same time period. 
The adrenal cholesterol content was significantly increased on the 
fourth day after injection of li• pertussis vaccine and was still ele-
vated on the sixth day. None of the other groups showed significant 
changes in adrenal cholesterol content during 6 days after injection 
of the three substances. These results are presented in Tables 41 
through 44 and analyzed in Table 45. 
Immediately after the end of heat stress the adrenal cholesterol 
content was significantly higher in groups of mice which had received 
~. tyehosa vaccine, normal horse serum or 0.85% NaCl. There was no 
significant difference immediately after t he end of cold stress in any 
of the groups. One hour after 1 hour of heat stress followed by 1 hour 
of cold stress groups which had been given ~· tyehosa or 0.85% NaCl 
showed a significant decrease in adrenal cholesterol. No group showed 
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a significant change 4 hours after 1 hour of heat stress followed by 1 
hour of cold stress or after histamine. These results are presented in 
Tables 46 through 50 and analyzed in Table 51. 
J. The microscopic anatomy of the adrenals of mice given H. per-
tussis compared with those of normal mice.---These experiments were 
car ried out to determine the effects of H. pertussis vaccine on the 
histology, amount of sudanophilic material, and distribution and quanti-
ty of cholesterol or cholesterol esters. This was done as an additional 
met hod of determining cortical activity. 
Groups of mice were given 1.0 ml. of ~. pertussis vaccine. At 
daily intervals after injection, 3 mice were picked at random and sacri-
ficed for removal of the adrenals. Additional groups were fixed on the 
fifth day after injection of ~. pertussis vaccine either immediately 
after 1 hour of heat stress, immediately after 1 and 3 hours 15 minutes 
of cold stress, 1 and 4 hours after 1 hour of heat stress followed by 
1 hour of cold stress, and after 5.0 mg. of histamine phosphate. The 
animals which were given histamine died wi. thin 5 minutes after ad-
ministration of histamine. The adrenals of these animals were compared 
with those of normal mice. 
During the 5 days between injection o£ ~· pertussis vaccine and 
the development of histamine hypersensitivity the cortex narrowed pro-
gressively to some degree and the X-zone of the cortex was reduced in 
size to about 50 per cent of nonnal. The amount and distribution of 
both sudanophilic material and cholesterol was normal. In those groups 
subjected to varied stresses, including histamine, on the fifth day 
21 
after injection of !!• pertussis, the amount of sudanophilic material 
was depleted. The amount of depletion was marked, varying with the 
degree of stress. However, the animals treated with histamine showed 
less depletion than the others. The changes in the amount and dis-
tribution of cholesterol paralleled the changes in sudanophilic 
rna t erial. The cortex as a whole was enlarged after all forms of stress, 
while the X-zone showed a marked decrease to about 10 per cent of 
normal. 
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v 
DISCUSSION 
Several antigens previous~ had been investigated for their abil-
ity to induce histamine sensitivity in the mouse. These included 
Salmonella typhosa vaccine and normal horse serum (1), Brucella abortus, 
Neisseria catarrhalis, Vibrio cholerae, Hemophilus influenzae, influ-
enza virus, and typhoid-paratyphoid vaccines (8,9). Brucella abortus 
vaccine (8,9) was the only substance other than Hemophilus pertussis 
which has been reported to alter histamine sensitivity in mice. The 
authors (8,9) pointed out that the increased sensitivity to histamine 
after Br. abortus was slight in comparison with that observed after ~. 
pertussis. 
In the present investigation, Serratia marcescens, Salmonella 
typhosa, Salmonella typhimurium, MWcobacterium tuberculosis hominis and 
normal horse serum have been tested. None of these materials increased 
histamine sensitivity in the mouse. Thus, it appears that the property 
of inducing histamine hypersensitivity is confined almost exclusively 
to ~. pertussis. 
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The treatment of mice with cell-free toxic fractions of~. pertussis 
resulted in slight but demonstrable increases in histamine sensitivity 
with 3 of 5 fractions used. These increases were negligible in compari-
son with the increase induced by the whole, relative~ non-toxic 
suspension of organisms. Therefore, it would seem that the sensitizing 
factor is not dependent upon the toxins present in ~. pertussis. The 
slight increase in sensitivity which was observed after administration 
of the 3 fractions possibly can be explained by the presence of some un-
identified substance present along with the toxins. 
It was found that the presence of the cell of ~. pertussis was not 
necessary to produce increased histamine sensitivity. Apparently the 
sensitizing substance was released into the suspension medium where it 
reached a concentration sufficient to induce as great a sensitivit,y as 
either the medium and cells or washed cells alone. It was either ad-
sorbed by the filter or was too large to pass through it. The 
sensitizing substance was also heat stable and was destroyed by precipi-
tation with acetone. 
These findings, together with those of Halpern and Roux (lO,ll), 
Thiele and Schuchardt (12), and Pittman (15), indicate that the sensi-
tizing factor is present in Phase I organisms only. It is released from 
the cell, it is not the same as the immunizing fraction, and it is not 
dependent upon toxicity. Therefore, it appears that histamine sensiti-
vity is the result of the action of some unidentified component of ~. 
pertussis. 
It has been shown in this investigation that either ~. pertussis 
or histamine can be administered by the intraperitoneal, subcutaneous, 
or intravenous route with the same results. These findings, along with 
those of' Pittman (6, 7) who administered the living organism by the 
intranasal route, indicate that the means by which mice come into con-
tact with ~. pertussis is of no significance in the production of 
histamine sensitivity. 
It was pointed out in the review of the literature that sensiti-
vity to histamine in both the rat and mouse is increased by adrenal-
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ectomy (19,20,21,22,23,24). Adrenal transplants (21) or various 
cortical extracts (20,22,23,24) served in part to alleviate the in-
creased sensitivity. Other workers (14,25,26) have been able to 
increase mouse resistance to histamine after ~. pertussis qy various 
adrenal extracts. There is thus a marked similarity between hypersen-
sitivity to histamine brought about by adrenalectomy or by~. pertussis. 
In both cases adrenal hormone therapy produced partial alleviation. 
In this investigation, experiments were carried out to compare the 
activity of the pituitary-adrenal system in the normal mouse with that 
in the animal rendered hypersensitive to histamine by~. pertussis vac-
cine. 
The first experiments were designed to determine the ability of 
various hormones to alleviate histamine sensitivity. It was found that 
either cortisone or epinephrine was effective in decreasing the sensi-
tivity brought about by~. pertussis vaccine. Maximal protection was 
obtained when both hormones were used simultaneously. These results 
were almost identical with those of Halpern~ al. (24), whose dosage 
schedule had been followed here. They determined, in mice, the pro-
tective effect of these hormones against histamine hypersensitivity 
brought about by adrenalectomy. The results were similar to those of 
Kind (14) and Kind and Parfentjev(26) who protected mice after they 
had been rendered histamine-sensitive by ~. pertussis with cortisone 
administered by a different dosage schedule. 
Previous workers (32,33,34) found that ACTH was without effect on 
histamine shock in the guinea pig. In this investigation ACTH did not 
alleviate histamine hypersensitivity induced by ~. pertussis. 1hese 
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observations led to the conclusion that there was insufficient hormone 
contained in the adrenal gland for protection against histaw~ne hyper-
sensitivity, that there was a block in its mechanism of release, or 
that the dose of AC'rH was not physiological. 
Speirs and Meyer (28) reported that there was a marked decrease in 
the numbers of circulating eosinophils in adrenal sufficient mice after 
stress, whereas there was no decrease or a slight eosinophilia follow-
ing stress after removal of both adrenals. In this investigation 
results similar to those after adrenalectomy were obtained after a 
period of stress on the fifth day after injection of ~. pertussis. This 
was interpreted as an indication of adrenal insufficiency produced by 
_!!. pertussis. 
Eosinophil counts taken during 4 hours after injection of !!· per-
tussis vaccine, ~. typhosa vaccine, normal horse serum or 0.85% NaCl 
revealed that there was a marked decrease within 30 minutes in the 
groups which had been given either of the bacterial vaccines. In the 
group which had been given ~. pertussis, this decrease was followed by 
a marked eosinophilia 24 hours later, but this was not observed in the 
group which had been given ~. typhosa. A less pronounced decrease was 
observed in the group which had been given normal horse serum. No 
change was observed in the group which had been given 0.85% NaCl. 
These results were interpreted as an indication of stress produced by 
t he toxicity of the bacterial suspensions. It is reasonable to assume 
that any foreign substance injected into an animal would constitute a 
temporary stress, and that the degree of stress would be determined to 
some degree by the toxicity of the preparation. 
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The marked rise in eosinophils which was observed one day aft er 
i njection of ~. eertussis vaccine was thought at first to be due to the 
non-specific leukocytosis. However, it was found that although the 
eosinophil count gradua~ decreased after the second day after in-
jection of ~. eertussis vaccine, the leukocyte count remained elevated. 
It was concluded that ~. pertussis acted as a severe stressor agent in 
the mouse because of the marked eosinophilia after 24 hours. This 
eosinophilia was not observed after injection of either ~. typhosa 
vaccine or normal horse serum. Additional datum in support of this 
hypothesis was the marked leukocytosis which was seen the first day 
after injection of ~. pertussis vaccine and persisted for at least 12 
days. Harlow and Selye (30) and Dalton and Selye (31) have reported 
that the leukocyte count is markedly elevated in both mice and rats 
after stress. They also stated that the leukocytosis is due almost 
entirely to neutrophils wi. th a concurrent relative lymphopenia. In 
this investigation, the leukocytosis was non-specific. 
There was no significant change in numbers of erythrocytes. This 
was interpreted as an indication that hemoconcentration was not respon-
sible for the leukocytosis which was observed. Dalton and Selye (31) 
had reported previously that certain stresses were accompanied by an 
increase in. er,ythrocytes in the rat. 
Eosinophil counts taken on the fifth day after !!• pertussis in 
groups of mice which had received various hormones or Neo-Antergan 
before stress revealed that cortisone, epinephrine, a combinat,ion of 
cortisone and epinephrine or Neo-Antergan was effective in producing 
an eosinopenia after stress similar to that observed in norraal controls. 
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Treatment with ACTH was without effect on the eosinophil level. The 
results obtained after administration of cortisone and epinephrine were 
in accord with the concept that~. pertussis produced an adrenal in-
sufficienqy, at least as manifested by eosinophil changes. However, the 
same results were obtained after treatment with Neo-Antergan. These 
conflicting results lead one to believe either that, in this instance, 
the eosinophil counts are indicative of some physiological mechanism 
pertaining to stress not related to the adrenals or that eosinophil 
counts are not specific indices of adrenal insufficiency. 
It is well known that the adrenal glands of the rat subjected to 
severe stress (35,36,37,38) show a marked increase in size and weight. 
This increase in weight has been shown to be the result of the action 
of ACTH on the adrenal cortex (39,40). Experiments carried out in this 
investigation using changes in adrenal weight as indices of adrenal 
function in the mouse failed to reveal results from which any logical 
conclusions could be drawn. 
Many workers have used adrenal cholesterol content as an index of 
its function. After many conditions of stress, there was a depletion 
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of adrenal cholesterol (41,42,43,L.4,45,46,47). 'rhis decrease in chole-
sterol apparently was due to the action of ACTH on the cortex (44,48,49), 
because in the absence of ACTH adrenal cholesterol was inert to stress 
and usually fixed at a concentration higher than normal (50, 51). In 
t his investigation changes in adrenal cholesterol content determined 
by the modified Liebermann-Burchard reaction were such that no logi-
cal conclusions could be drawn from the data. 
Histologically, the adrenal cortices obtained from animals 1 to 5 
days following injection of ~. pertussis vaccine showed no change from 
normal with respect to the amount and distribution of cholesterol and 
sudanophilic lipids. The one obvious change was an approximately 50 
per cent decrease in the width of the X-zone (52,53). Thus the only 
histological indication that ~. pertussis acts direct~ on the adrenal 
was partial involution of the X-zone. In the adrenal cortices of 
histamine-sensitive mice subjected to varying forms of stress the sudan-
ophilic material and cholesterol were markedly depleted, varying with 
the degree of stress. In addition, the X-zone showed almost complete 
involution, to approximate~ 10 per cent or less of the normal. Thus 
the histological evidence shows that treatment with ~. pertussis does 
not deplete the adrenal cortex of materials usually used as an index 
of secretion (44,54). In addition, when subjected to stress after g. 
pert ussis, the adrenals responded as in a normal animal, i.e., with a 
loss of both cholesterol and sudanophilic material. Although histologi-
cal sections showed marked involution of the X-zone, no conclusions can 
be made concerning the role of this androgenic zone in response to 
stress. 
There are several possible interpretations of the evidence pre-
sented concerning the role of the pituitar,y-adrenal system in the 
production of histamine hypersensitivity in mice by !,!. pertussis vac-
cine. Most obviously it wouJ.d seem that either the pi tui tary-a.drenal 
system is involved or is not involved or that the adrenal cortex alone 
may respond without the mediation of the pituitary. Host of the evi-
dence demonstrates that neither the pituitary-adrenal system nor t he 
cortex alone is involved. The histological studies furnished the 
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most concrete evidence. If the adrenals were affected by li• pertussis 
vaccine, one would expect definite changes in the cortex with respect 
to cellular morphology and the amount and distribution of sudanophilic 
material and cholesterol. No such changes occurred. Moreover, when 
the hypersensitive mice were exposed to stress the adrenal responded 
as in normal animals as evidenced by loss of sudanophilic material and 
cholesterol. 
The efficacy of hormone therapy, as evidenced by both protection 
and eosinophil studies, presented somewhat conflicting results. Either 
cortisone or epinephrine or a combination of both protected the animals 
and effected a normal eosinophil response. Cortisone would be expected 
to give the same responses regardless of whether it was injected or 
released from the adrenals. In this instance, both the eosinophil re-
sponse and the protection are thought to have been due to the cortisone 
injected. Epinephrine produces its effect by stimulation of the pitui-
tary to release ACTH. This ACTH then stimulates the adrenal cortex 
to release its hormone. In view of the fact that epinephrine was ef-
fective in both protection and producing a normal eosinophil response, 
it is surprising that administration of ACTH did not yield the same 
results. A possible explanation for this discrepancy is that the dose 
used was not physiological. 
Histamine hypersensitive animals protected by Neo-Antergan did 
show the same eosinophil response seen in normal animals. An ex-
planation may be that perhaps in addition to protecting against the 
toxic action of histamine, Neo-Antergan acted as a non-specific 
stressor agent, as do many foreign substances, indicating that the 
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pituitar,y-adrenal system was intact. 
The non-specific leukocytosis observed after administration of g. 
pertussis may well have been a direct effect of this substance on the 
hemopoietic system of the mouse rather than an effect on the pituitary-
adrenal system. The leukocytosis of stress is associated with a rela-
tive lymphopenia and neutrophilia. 
The data obtained from determinations of adrenal weight and 
adrenal cholesterol content did not support either conclusion. There-
fore, it must be assumed that either there were no changes in adrenal 
weight and cholesterol content or that the technical errors involved in 
making these detenninations were of sufficient magnitude to obscure 
significant changes. In view of the histological findings, the latter 
possibility seems to be the more plausable. Although marked changes 
were observed in the width of the X-zone, there is insufficient evi-
dence to relate these changes to histamine sensitivity and the 
pituitary-adrenal system. It is possible, however, that future studies 
may show some interrelation between the X-zone, sex hormones, pituitary, 
and histamine sensitivity produced by ~. pertussis vaccine. 
Thus, it is suggested that ~. pertussis produces histamine hyper-
sensitivity in the mouse by some process not involving the pituitary-
adrenal system. However, the possibility exists that~· pertuss~s 
vaccine alters the adrenal cortex in some way unknown at present. 
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VI 
SUMMARY 
1. Hemophilus pertussis, Salmonella typhosa, Serratia marcescens, 
Salmonella typhimurium, MYcobacterium tuberculosis hominis, and normal 
horse serum were tested for their ability to induce histamine hyper-
sensitivity in mice. Of these, only H. pertussis vaccine was found to 
have this property. 
2. Evidence has been presented which indicated that the histamine-
sensitizing substance present in~. pertussis vaccine is not dependent 
upon the toxin. It is present in the cells and supernatant in approxi-
mately equal proportions. It is not present in filtered supernatant. 
It is relatively heat stable and is destroyed by acetone. It is 
thought to be an unidentified component of the organism. 
3. Evidence has been presented which indicated that ~. pertussis 
vaccine produced histamine hypersensitivity by some process other than 
involvement of the pituitary-adrenal system. 
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VII 
TABLES 
Table 1 
Influence of the Route of Injection of Hemophilus pertussis 
Vaccine in Sensitizing Mice to the Lethal Action of 
Histamine Administered by Various Routes 
Histamine Phosphate 
!!· pertussis Subcutaneous Intravenous Intraperitoneal 
Subcutaneous 0/'ft 0/5 0/5 
Intravenous 0/5 0/5 0/5 
Intraperitoneal 0/5 0/5 0/5 
* In this and all subsequent tables the numerator represents 
survivors, and the denominator represents the number of 
animals tested. 
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Table 2 
Tolerance of Mice to Histamine 
After Injection of Various Antigens 
Amount of Histamine Phosphate 
100 mg. 50 mg. 25 mg. 2 mg. 1 mg. 
Days after 
Antigen Injection 
!!· ;eertussis 3 0/5 0/5 5/5 5/5 5/5 
5 0/5 0/5 3/5 
1 0/5 3/5 
9 0/5 3/5 
11 1/5 4/5 
13 1/5 5/5 
15 2/5 5/5 
§.. tzehosa 3 0/5 2/5 5/5 
5 5/5 5/5 
1 5/5 
9 5/5 
11 5/5 
13 5/5 
15 5/5 
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Table 2 - Continued 
lOOmg. 50 mg. 25 mg. 2 mg. 1 mg. 
Days after 
Antigen Injection 
~. ~escens 3 0/5 2/5 5/5 
5 2/5 5/5 
1 5/5 
9 4/4 
§.. typhimuri wn 3 0/5 3/5 5/5 
5 2/5 5/5 
1 5/5 
9 4/5 
ll 3/4 
~· tuberculosis 3 0/5 5/5 5/5 
5 4/5 5/5 
1 5/5 
9 5/5 
11 5/5 
13 5/5 
15 5/5 
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Table 2 - Continued 
100 mg. 50 mg. 2.5 mg. 2 mg. 1 mg. 
Days after 
Antigen Injection 
Norrr~ Horse Serum 3 0/.5 3/.5 .5/.5 
.5 2/.5 .5/.5 
1 .5/.5 
9 .5/.5 
11 .5/.5 
13 .5/.5 
1.5 .5/.5 
0.8.5% NaCl 3 0/.5 .5/.5 .5/.5 
.5 3/.5 .5/.5 
1 .5/.5 
9 .5/.5 
11 .5/.5 
13 .5/.5 
1.5 .5/.5 
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Table 3 
Tolerance of Mice to Histamine Five Days After 
Injection of Chemically or Physi cal.ly Altered 
Hemophilus pertussis Vaccine 
Amount of Histamine Phosphate 
Injection 2 mg. 4 mg. 8 mg. 16 mg. 32 mg. 
Saline Cells 0/6 0/6 
Acetone Cella 6/6 6/6 6/6 
Supernatant 1/11 0/5 0/6 
Filtered Supernatant 4/4 4/5 
56° C for 30 min. 0/9 1/9 
56° C for 48 hr. 7/9 5/9 
93-95° C for 30 min. 5/5 5/5 5/5 
Table 4 
Tolerance of Mice to Histamine Five Days After 
Injection of Toxic Fractions of Hemophilus pertussis 
Fractioll* Dilutioll** Amount of Histamine Phosphate 
Injected 
4 mg. 8 mg. 16 mg. 32 mg. 
TP-PII 1:80 5/8 7/8 7/8 3/10 
TP-PIII 1:320 3/3 9/10 4/10 
T-18-PII 1:20 9/9 10/10 8/9 8/10 
T-18-PIII 1:160 5/6 8/9 2/10 
TN-PIII-R 1:1280 10/10 9/10 10/10 10/10 
* The designation of toxic fractions follows that used by Robbins 
and Pillemer ( 27) • 
** The dilutions used represent approximately the LD10 dose. 
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Table 5 
Tolerance to Histamine in Mice Given Hemophilus pertussis 
After Treatment With Cortisone, Epinephrine, 
ACTH or Neo-Antergan 
Amount of Histamine Phosphate 
Treatment 50 mg. 25 mg. 10 mg. 5 mg. 2.5 mg. .5 mg. 
Cortisone 4/10 8/10 10/10 10/10 
Epi nephrine 2/7 5/10 9/10 8/8 
Cortisone and 0/10 7/10 10/10 
Epinephrine 
ACTH 0/8 0/8 3/8 5/8 
Neo-Antergan 2/10 9/10 10/10 
NaCl 0/10 2/10 
Cortisone Sus- 1/10 3/10 
pension Medium 
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Table 6 
Numbers of Circulating Leukocytes in Mice During 
Twelve Days After Injection of Hemophilus pertussis, 
Salmonella typhosa, Normal Horse Serum, or 0.85% NaCl 
Days After Injection 
Antigen 1 2 3 4 5 8 12 
!!• ;eertussis 15, 000* 38, 200 40,200 66,200 109,600 65,200 47,400 
10,500 49,400 33,200 29,200 91,200 64,000 23,100 
13,800 27,600 64,800 51,800 123,800 97,600 47,000 
19,400 47,100 75,000 51,150 120,000 111,200 38,000 
14,800 37,6o0 6o,ooo 27,800 115,800 46,6oO 22,300 
~· tz.ehosa 6,700 8, 750 3,900 1,150 15,300 2,950 
7,400 8,6oo 9,050 13,000 7,850 9,450 
6,300 6,200 4,300 10,800 16,850 5,100 
7,500 6,350 6,400 6,150 9,850 9,800 
6,900 5,950 5,450 7,200 11,350 10,850 
Nonnal Horse 5,500 1,550 9,250 10,750 4,150 6,000 
Serum 
9,300 9,450 5,200 10,150 7,250 6,550 
10,950 6,950 11,700 7,500 5,850 6,500 
5,250 6,700 9,550 6,300 4,000 7,500 
8,250 9,850 7,100 9,200 6,950 6,900 
Table 6 - Continued 
Antigen 1 2 3 4 5 8 12 
0.85% NaCl .10,400 7,600 8,800 6,500 8,700 8,8oo 
3,200 12,050 5,100 12,350 9,600 4,500 
7,250 9,450 5,900 8,250 6,500 1,950 
9,150 14,000 8,950 9,150 6,350 
6,550 6,700 14,000 9,500 8,500 1.5,400 
* Number of leukoc.ytes per cubic millimeter of blood. 
Table 1 
Analysis of Table 6 
Significance of the Change in Numbers of Circulating Leukocytes in Mice 
During Twelve Dal~ Following Injection of Hemophilus pertussis, 
Salmonella typhosa, Normal Horse Serum or 0.85% NaCl 
Normal 
Cotmt !!• ;eertussis £,. t}'Phosa Horse Serum 0.85% NaCl 
lst Day After Injection 14,700 :!: 3,178* 6,960 :!: 497 7,850 :!: 2,457 6,850 ! 2,953 
2nd D~ After Injection 39,980 :!: 8,682 7,121 :!: 437 8,100 :!: 1,455 8,990 :!: 2,047 
p. <.01 >.1 >.1 >.1 
3rd Day After Injection 54,640:!: 17,425 5,820 :!: 2,055 8,560 ! 2,486 9,680 :!: 4,130 
p .. <.01 >.1 >.1 ~.1 
4th D~ After Injection 45,350 :!: 16,478 8,980 :!: 2,835 8,780:!: 1,852 9,110 :!: 2,134 
p,. ~.01 >.1 >.1 ~.1 
5th Day After Injection 112,080 :!: 12,8o6 12,240 :!: 3,358 5,640 :!: 1,521 8,610 ± 1,299 
p,. <.01 < .o1 >.1 >.1 
8th Day After Injection 76,920 ± 26,581 7,630:!: 3,416 6,690 :!: 554 8,600 :!: 4,140 
p ... <.01 ">•1 >·1 ~.1 
12th Day After Injection 35,560 :!: 3,899 
p .. <.01 
* Mean numbers of leukocytes per cubic millimeter and probability of differences. 
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Table 8 
Differential Leukocyte Counts in Mice During five Days After 
Injection of Hemophilus pertussis, Salmonella typhosa, 
Normal Horse Serum or o.BS% NaCl 
Days After Injection 
Antigen 1 2 3 4 5 
P L M E* P L 1-1 E P L M E P L M E P L M E 
~. pertussis 56 40 3 1 42 56 2 - 34 66 - - 78 22 - - 31 69 - -
20 79 0 1 34 64 2 - 34 66 - - 58 40 2 - 26 74 - -
40 59 1 - 26 74 - - 60 40 - - 22 78 - - 42 58 - -
38 60 1 1 26 72 2 - 52 46 2 - 56 42 2 - 45 55 - -
43 54 3 - 58 42 - - 48 52 - - 34 66 - - 50 50 - -
~. typhosa 45 51 4 - 30 68 2 - 36 64 - - 20 80 - -
15 81 4 - 32 68 - - 22 78 - - 32 68 - - 68 32 - -
34 64 2 - 50 48 2 - 54 46 - - 26 72 2 - 68 32 - -
28 72 - - 12 88 - - 26 74 - - 50 50 - - 20 80 - -
44 56 - - 54 42 4 - 42 58 - - 48 52 - - 22 78 - -
Normal Horse 22 72 6 - 52 48 - - 40 56 4 - 42 56 2 - 36 64 - -
Serum 
24 74 2 - 8 92 - - 30 78 - - 34 66 - - 26 74 - -
30 66 2 2 40 60 - - 28 72 - - 42 58 - - 34 66 - -
58 42 - - 50 48 2 - 34 66 - - 22 76 - 2 50 50 - -
28 68 4 - 42 58 - - 56 40 4 - 26 74 - - 66 33 1 -
43 
Table 8 - Continued 
Ant igen 1 2 3 
p LME p L ME p LME 
0.85% NaCl 26 74 - - 38 62 - - 34 62 4 -
22 78 - - 16 82 2 - 20 80 - -
6 94-- 14 86 .. - 32 68 - -
12 86 2 - 32 68 - - 12 86 - 2 
15 85 - - 34 66- - 42 56 2 -
* P • per cent polymorphonuclear leukocytes 
L • per cent lymphocytes 
M • per cent monocytes 
E • per cent eosinophilic leukocytes 
44 
4 5 
p L ME p L ME 
18 82 - - 44 56- -
7 93 - - 30 70 - -
14 86 .. - 38 60- 2 
26 73 - 1 22 78 - -
20 78 - 2 36 64 - -
Day 
1 
2 
3 
4 
5 
Table 9 
Analysis of Table 8 
Significance of the Change in the Differential Leukocyte Count in Mice 
During Five Days Following Injection of Hemophilus Eertussis, 
Salmonella typhosa, Normal Horse Serum or 0.85% NaCl 
Days After Injection 
Nonna.l 
Type Leukocyte !!• Eertussis ,£. typhosa Horse Serum 0.85% NaCl 
Polymorphonuclear 39.4 :!: 12.9* 33.2 :!: 12.4 32.4:!: 14.7 16.2 :!: 7.9 
Polymorphonuclear 37.2:!: 13.4 35.6 :!: 16.9 38.4. :!: 17.7 26.8 :!: u.o 
p. >.1 >.1 >.1 > .1 
Polymorphonuclear 45.6 :!: 11.4. 36.0 :!: 14.8 37.6 ;t 11.3 28.0 :!: 11.9 
p. >.1 >.1 >.1 < .o5 
Polymorphonuclear 49.6 ! 21.9 38.4 :!: 10.3 33.2 :!: 9.1 17.0:!: 7.1 
p c 
,..1 >.1 >.1 )'.1 
Polymorphonuclear 38.8 :!: 9.9 39.6 :!: 25.9 42.L. :!: 15.8 34.0 ! 8.4 
p • 
.,..1 >.1 >.1 < .01 
~ 
Table 9 - Continued 
Normal 
Day Type Leukocyte !!• ~ertussis §_. typhosa Horse Serum 0.85% NaCl 
1 ~phocyte 58.4 t 14.0 64.8 ! 12.1 64.4 ! 12.9 83.4! 1.1 
2 lijrmphocyte 61.6 ! 13.1 62.8 :!: 18.3 61.2 :!: 18.1 72.8 ! 10.5 
p- /' .1 /•1 )•1 > .1 
3 ~phocyte 54.0! 11.7 51.2 :!: 14.8 62.4 :!: 14.9 70.4 ! 12.4 
p. >·1 :>.1 >·1 < .o5 
4 lqmphocyte 49.6 :!: 22.3 61.2 ! 9.1 66.0 :!: 9.0 82.4 :!: 7.6 
p- >·1 >•1 /•1 '> .1 
5 ~phocyte 61.2 :!: 9.9 60.4 :!: 25.9 51.4 + 16.1 
-
65.6 :!: 8.7 
p. 
"> .1 >·1 )>.1 < .01 
* Mean relative numbers of leukocytes per cubic millimeter and probability of differ-
ences. 
** Nwnbers of monocytes and eosinophils were too small for statistical analysis. 
~ 
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Table 10 
Numbers of Circulating Erythrocytes in Mice During Twelve Days 
After Injection of Hemophilus pertussis, Salmonella typhosa, 
Normal Horse Serum or o.85% NaCl 
Days After Injection 
Antigen 1 2 3 4 5 8 12 
!!• ;eertussis 8.65* 10.35 8.00 8.30 8.30 8.65 8.75 
9.05 5.80 8.55 5.80 7.60 8.75 7.35 
7.60 8.oo 1.50 8.60 1.50 6.15 6.75 
8.40 8.55 8.55 7.40 8.55 7.65 6.95 
7.85 1.50 7.85 5.85 8.40 5.60 1.35 
~- typhosa 8.95 9.65 8.95 8.65 1.50 
9.45 9.05 9.05 9.25 9.55 
10.65 8.55 9.65 8.55 10.55 
10.50 7.70 8.65 9.95 9.30 
9.30 10.55 10.05 9.50 8.50 
Normal Horse 6.55 8.35 8.30 9.45 7.70 
Serum 
8.40 8.8o 1.50 9.20 8.45 
9.50 9.50 9.20 8.80 9.60 
7.80 8.20 8.10 8.90 9.20 
1.15 9.00 8.55 7.45 8.30 
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Table 10 - Continued 
Antigen 1 2 3 4 5 8 12 
0.85% NaCl 8.55 8.40 7.80 6.60 7.75 
9.45 7.90 8.50 9.45 8.20 
8.25 8.75 8.65 8.45 9.65 
10.20 9.15 9.25 9.55 8.65 
9. 75 9.85 10.25 9.65 9.90 
* Millions of erythrocytes per cubic millimeter blood. 
Table 11 
Analysis of Table 10 
Significance of the Change in Numbers of Circulating Erythrocytes in Mice 
During Twelve Days Following Injec-tion of Hemophilus pertussis, 
Salmonella typhosa, Nonnal Horse Serum or 0.85% Naci· 
Count 
1st Day After Injection 
2nd Day After Injection 
p = 
3rd Day After Injection 
p • 
4th Day After Injection 
p -
5th Day After Injection 
p • 
6th Day After Injection 
p-
8th Day After Injection 
p • 
!!• pertussis 
B.Jl :!: • .sa* 
8.04 ± 1.64 
>.1 
8.09 :t .46 
>.1 
7.19:!: 1.32 
>.1 
8.07 :!: .48 
>.1 
7.48 :t 1.70 
>.1 
7.43 :t .78 
:>.1 
~. typhosa 
9.11:!: .75 
9.10 :!: 1.08 
>.1 
9.27 :!: .57 
>'.1 
9.18 + .59 
. -
>.1 
9.80 ± 1.14 
>.1 
Nonnal 
Horse Serum 
B.oo :!: 1.01 
B. 11 ± .52 
>.1 
8.33 :t .62 
>.1 
8.76 + .78 
>.1 
8.65 :t .67 
>.1 
* Mean number of er,ythrocytes and probability of differences. 
o.85% NaCl 
9.24 :t .82 
8.81:!: .74 
>.1 
8.89 :!: .92 
>.1 
8.54 + 1.29 
>:1 
8.83 :!: .92 
.>.1 
~ 
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Table 12 
Numbers of Circulating Eosinophils in Mice Thirty Minutes 
After Inj ecti.on of Hemophilus pertussis, Salmonella typhosa, 
Normal Horse Serum or 0.85% NaCl 
Normal 
!!· ;eertussis £. trehosa Horse Serum o.85% NaCl 
Before Injection 312* 544 362 625 
369 306 381 325 
356 544 350 731 
525 444 106 515 
437 256 825 237 
30 Min. After 194 219 300 362 
Injection 
187 175 312 187 
219 269 362 ' 381 
481 219 62 387 
100 106 637 206 
* Number of eosinophile per cubic millimeter. 
Table 13 
Numbers of Circulating Eosinophils in Mice One Hour After 
Injection of Hemophilus pertussis, .Salmonella typhosa, 
Normal Horse Serum or 0.85% NaCl 
Normal 
!!· Eertussis ~. typhosa Horse Serum 
Before Injection 27~ 231 212 
625 300 406 
550 187 337 
519 315 256 
731 181 325 
1 Hr. After 87 44 344 
Injection 
225 94 594 
294 112 356 
225 181 231 
431 15 312 
* Number of eosinophile per cubic millimeter. 
51 
0.85% NaCl 
237 
1237 
300 
594 
387 
312 
1394 
406 
650 
219 
Table 14 
Numbers of Circulating Eosinophils in Mice Two Hours After 
Injection of Hemophilus pertussis, Salmonella typhosa, 
Normal Horse Serum or o.B5% NaCl 
Normal 
!!· ;eertussis ~. typhosa Horse Serum 0.85% NaCl 
Before Injection 612* 794 262 262 
1162 231 312 394 
556 237 344 356 
1106 350 244 600 
531 125 162 187 
2 Hours After 131 69 125 219 
Injection 
181 44 187 294 
69 287 ll2 194 
137 169 58 606 
119 31 15 181 
* Number of eosinophile per cubic millimeter. 
52 
Table 15 
Numbers of Circulating Eosinophile in Mice Four Hours 
After Injection of Hemophilus pertussis, Salmonella typhosa, 
Normal Horse Serum or 6.85% NaCl 
Nonnal 
!!· Eertussis ~- tzehosa Horse Serum o.85% NaCl 
Before Injection 606* 475 581 362 
369 419 2006 487 
900 406 615 262 
362 487 906 644 
515 162 300 381 
4 Hours After 81 181 225 281 
Injection 
131 62 719 419 
125 50 206 269 
69 81 275 412 
62 6 137 506 
* Number of eosinophils per cubic millimeter. 
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Table 16 
Analysis of Tables 12 Through 15 
Significance of the Change in Numbers of Circulating Eosinophils 
in Mice During Four Hours Following Injection of 
Hemophilus pertussis, Salmonella tlPhosa, 
Normal Horse Serum or 0.85% NaCl 
Normal 
Count !!• pertussis §.. tlehosa Horse Serwn 0.85% NaCl 
Before Injection 400! 83* 419 ! 133 405 ! 260 499 :!: 209 
30 Min. After 236 t 144 197 ! 79 334 ! 205 305! 195 
Injection 
p • < .o2 ( .o1 >.1 < .02 
Before Injection 540 :!: 169 255 ! 82 307 :!: 15 5ll :!: 406 
1 Hour After 252 ! 125 101 + 52 367 ! 136 591 ! 473 
-Injection 
p. < .01 <.01 >.3 >.5 
Before Injection 195 ! 312 367 ! 252 265 t 70 360:!: 271 
2 Hours After 127 ! 40 120:!: 108 llO:t 52 299 :!: 177 
Injection 
p - (.01 (.01 < .o1 > .1 
Before Injection 562 :!: 220 390:!: 132 894 :!: 659 427 :!: 143 
4 Hours After 94 ! 32 76 :!: 65 312 ! 233 377 ! 101 
Injection 
P• < .ol < .o1 < .o1 > .5 
* Mean numbers of eosinophils per cubic millimeter and probability of 
differences. 
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Table 17 
Numbers of Circulating Eosinophils . in Mice During Six Days 
After Injection of Hemophilus pertussis 
Days After Injection of tl• Eertussis 
Control 1 2 3 4 5 6 
288* 438 863 ** --
69 338 606 481 
131 150 565 475 
-
275 565 888 881 950 581 369 
144 338 550 481 538 181 106 
332 419 1650 1263 1250 719 456 
332 338 1006 1225 625 275 163 
206 894 581 481 263 
338 619 706 469 225 219 15 
206 556 1312 663 850 315 150 
* Number of eosinophi1s per cubic millimeter. 
*-:E-Anima1 died. 
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Table 18 
Numbers of Circulating Eosinophile in Mice During Six Days 
After Injection of Salmonella tyehosa 
Days After Injection of ~. tlehosa 
Control 1 2 3 4 5 6 
469* 315 194 306 256 169 113 
213 244 69 106 194 119 106 
519 319 413 175 319 131 106 
94 88 69 119 100 144 313 
163 131 231 288 38 44 94 
281 194 125 125 200 119 119 
538 456 413 2o6 81 125 100 
450 625 213 244 113 150 125 
625 369 206 156 106 63 219 
263 144 250 188 81 100 131 
* Number of eosinophile per cubic millimeter. 
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Table 19 
Numbers of Circulating Eosinophils in Mice During Six Days 
After Injection of Normal Horse Serum 
Days After Injection of Normal Horse Serum 
Cont rol 1 2 3 4 5 6 
531* 563 325 319 343 519 188 
244 244 413 313 100 194 113 
213 269 300 169 288 163 144 
300 94 344 244 113 106 188 
500 444 419 606 250 350 281 
431 588 238 256 194 206 256 
231 156 281 194 231 344 525 
188 331 550 444 244 381 200 
269 219 256 238 181 219 144 
206 363 188 250 244 425 294 
* Number of eosinophils per cubic millimeter. 
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Table 20 
Numbers of Circulating Eosinophils in Mice During Six Days 
After Injection of 0.85% NaCl 
Days After Injection of 0.85% NaCl 
Control 1 2 3 4 5 6 
97~ 644 825 231 102 163 138 
650 581 288 225 281 238 383 
275 400 519 444 275 706 550 
144 288 113 175 113 150 131 
350 175 119 363 113 163 100 
200 263 350 332 269 225 150 
163 400 300 169 50 156 194 
332 206 119 100 106 250 175 
100 206 138 175 69 106 125 
500 175 50 138 63 250 181 
* Number of eosinophils per cubic millimeter. 
Table 21 
Analysis of Tables 17 Through 20 
Significance of the Change in Numbers of Circulating Eosinophile in Mice 
During Six Days Following Injection of Hemophilus lertussis, 
Salmonella typhosa, Normal Horse Serum or 0.85 NaCl 
Nonnal 
Count !!• pertussis §_. typhosa Horse Serum 0.8.5% NaC1 
• 
Before Injection 232 t 96* 362 ;t 181 311:!: 128 369 + 272 
-
1st Day After Injection 465 :!: 20.5 295 ! 168 327 ;!; 16.5 334 + 169 
-
p. <.01 >.1 >.5 "> .5 
2nd Day After Injection 872 ;!; 365 218 ;!; 121 331:!: 106 282 t 239 
p • <.01 <.01 >.5 > .3 
3rd Day After Injection 713 :!: 330 191 ! 70 303 + 131 
-
23.5 + 110 
-
P• <·01 < .02 >.5 >.2 
4th Day After Injection 672 :t 372 149 .t 89 219 :t 75 144 + 
-
93 
p. < .o5 < .o1 > .o5 >.4 
~ 
Table 21 - Continued 
Normal 
Count !!• pertussis ~. typhosa Horse Serum o.85% NaCl 
5th Day After Injection 392 + 108 
-
116 :!: 39 291 ! 132 241 ! 171 
p- > .2 <·01 >·5 >·3 
6th Day After Injection 220 ! 125 143+ 70 233 :!: 119 213 ! 142 
-
p - >•3 < .o1 >.2 ";:>.2 
*Mean numbers of eosinophile per cubic millimeter and probability of differences. 
g 
Table 22 
Numbers of Circulating Eosinophils in Mice on the Fifth Day After Injection of 
Hemophilus pertussis, Salmonella t~hosa, Normal Horse Serum or 0.85% NaCl 
Before and After 2. Hours of Heat Stress 
Normal 
!!• pert~ ~. typhosa Horse Serum o.85% NaC1 
Before After Before After Before After Before After 
Stress Stress Stress Stress Stress Stress Stress Stress 
975* 763 75 25 1175 75 599 49 
462 387 550 49 763 187 462 25 
250 274 763 75 425 37 763 122 
315 512 850 87 550 137 700 187 
244 500 388 50 331 175 237 150 
687 400 575 325 25 0 63 0 
163 13 500 49 88 0 87 12 
387 563 325 212 13 0 125 25 
212 25 325 31 185 0 56 0 
537 712 275 75 50 0 92 0 
f!i 
Table 22 - Continued 
Normal 
!:!· ~rtussis ~. typhosa Horse Serwn 
Before After Before After Before After 
Stress Stress Stress Stress Stress Stress 
550 312 462 25 25 0 
637 587 300 0 15 0 
513 475 275 25 87 12 
750 737 325 0 25 0 
250 275 402 0 50 0 
375 337 
425 825 
425 312 
* Numbers of eosinophile per cubic millimeter. 
0.85% NaCl 
Before After 
Stress Stress 
"' N 
Table 23 
Analysis of Table 22 
Significance of the Change in Numbers of Circulating Eosinophile in Mice 
On the Fifth D~ After Injection of Hemophilus ~ertussis, 
Salmonella typhosa, Nor.mal Horse Serum or 0.8 % NaCl 
Before and After 2.5 Hours of Heat Stress 
Normal 
Count !!• Eertussis ~. typhosa Horse Serum o.85% NaCl 
Before Stress 456:!: 2ll* 431 :!: 202 282 :t: 340 2U + 259 
-
2.5 Hours After Heat 456:!: 212 57 :!: 56 42:!: 68 43 :!: 61 
Stress 
p • >.5 <.01 <·01 <·01 
*Mean numbers of eosinophile per cubic millimeter and probability of differences. 
e 
Table 24 
Numbers of Circulating Eosinophils in Mice on the Fifth Day 
After Injection of Hemophilus pertussis Before and After 
Two Hours Heat Stress Begun Five Hours After 
A Third Dose of 0.5 Mg. of Cortisone 
Before Stress After Stress 
and and 
Cortisone Cortisone 
50* 31 
131 ll9 
205 45 
250 106 
185 50 
ll9 13 
237 63 
769 350 
69 13 
244 26 
175 44 
106 31 
50 44 
75 37 
* Number of eosinophils per cubic millimeter. 
64 
Table 25 
Numbers of Circulating Eosinophile in Mice on the Fifth Day 
After Injection of Hemophilus pertussis Before and After 
Receiving 20 Micrograms of Epinephrine Thirty Minutes 
Before Onset of Two Hours Heat Stress 
Before Stress After Stress 
and and 
Epinephrine Epinephrine 
150* 12 
132 82 
50 31 
112 100 
137 0 
137 75 
101 0 
56 56 
* Number of eosinophile per cubic millimeter. 
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Table 26 
Numbers of Circulating Eosinophils in Mice on the Fifth Day 
After Injection of Hemophilus pertussis Before and After 
Two Hours Heat Stress Begun Five Hours After 
A Third Dose of 0.5 Mg. of Cortisone Given 4i Hours 
Before 20 Micrograms of EPinephrine 
Before Stress, After Stress, 
Cortisone, and Cortisone, and 
Epinephrine Epinephrine 
100* 100 
50 44 
50 10 
100 63 
137 106 
137 67 
131 75 
* Number of eosinophils per cubic millimeter. 
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Table 27 
Numbers of Circulating Eosinophils in Mice on the Fifth Day 
After Injection of Hemophilus pertussis Before and After 
Receiving 50 Micrograms of ACTH Thirty Minutes 
Before Onset of Two Hours Heat Stress 
Before Stress After Stress 
and and 
ACTH ACTH 
"* 2o6 187 
119 67 
175 208 
244 288 
175 269 
137 144 
231 213 
6 69 
137 150 
* Number of eosinophils per cubic millimeter. 
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Table 28 
Numbers of Circulating Eosinophils in Mice on the Fifth Day 
After Injection of Hemophilus pertussis Before and After 
Receiving 0.5 Mg. Neo-Antergan Thirty Minutes 
Before Onset of Two Hours Heat Stress 
Before Stress After Stress 
and and 
N eo-.1\.ntergan Neo-Antergan 
101* 37 
125 19 
100 37 
70 31 
75 31 
354 100 
218 144 
112 87 
* Number of eosinophils per cubic millimeter. 
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Table 29 
Analysis of Tables 24 Through 28 
Significance of the Change in Number of Circulating Eosinophils 
in ¥dee on the Fifth Day After Injection of Hemophilus pertussis 
Before and After Two Hours of Heat Stress Begun After 
Treatment with Hormones or Neo-Antergan 
Treatment Before Stress After Stress p ... 
Cortisone 190.4 ± 181.3* 69.4 ! 86.4 <·01 
Epinephrine 109.4 ! 38.2 44.5 :!: 58.4 < .o1 
Cortisone and 100.7! 38.1 79.3 ! 38.1 <·01 
· Ef>inephrine 
ACTH 158.9 ! 71.7 117.2! 78.0 >·10 
Neo-Antergan 144.4 + 96.3 60.8 ! 44.4 ">.01 
-
* Mean number of eosinophils per cubic millimeter and probability 
of differences. 
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Table 30 
Adrenal Weight of Mi.ce During Six Days After 
Injection of Hemophilus pertussis 
Day After Injection 
1 2 3 4 5 6 
o.oo79-* o.o116 o.oo54 o.oo88 0.0013 0.0071 
o.o125 o.oo45 0.0062 o.o133 0.0035 0.0133 
0.0079 0.0070 o.oo35 0.0091 o.006o o.oo49 
0.0081 o.ooa1 o.on5 o.o064 0.0027 0.0031 
0.0101 0.0038 o.oo53 o.oo6o o.oo48 0.0444 
o.oo8o 0.0051 o.oo75 o.oo58 0.0050 o.oo87 
o.oo8o 0.0072 o.oo5B o.oo48 0.0051 o.oo46 
0.0056 o.oo55 o.oo45 o.oo56 o.oo45 o.oo5o 
* Weight of both adrenals in grams. 
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Table 31 
Adrenal Weight of Mice During Six Days After 
Injection of Salmonella tzehosa 
Day After Injection 
1 2 3 4 5 6 
0.0038* 0.0131 o.m.45 o.oo56 o.ooao 0.0077 
o.ou6 0.0120 o.oo13 o.oru 0.0059 o.ou3 
0.0062 0.0027 0.0033 0.0077 0.0071 o.ou6 
0.0051 0.0134 0.0105 o.oo51 0.0122 0.0066 
0.0069 0.0075 0.0096 o.oo73 o.oo58 o.oo51 
0.0135 o.oo55 o.oo84 o.oo42 o.oo35 o.oo44 
o.oo56 0.0069 0.0013 o.oo55 o.oo52 o.oou 
0.0015 o.oo56 o.oo54 0.0053 0.0051 
* Weight of both adrenals in grams. 
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Table 32 
Adrenal Weight of Mice During Six Days After 
Injection of Normal Horse Serum 
Day After Injection 
1 2 3 4 5 6 
0.0102-* o.oon o.o103 0.0039 0.0061 0.0077 
0.0073 o.oua o.om o.oo48 0.0137 0.0067 
o.oo4o 0.0077 0.0027 o.oo45 o.oo92 o.o06o 
o.oo43 o.oo72 0.0103 o.ooo1 0.0134 o.0178 
0.0114 o.oo48 0.0081 o.oo74 o.oo48 o.oo55 
0.0038 o.oo6o o.oo7o o.oo4o 0.0031 0.0079 
o.oo45 0.0062 0.0068 o.oo49 0.0046 0.0069 
0.0047 0.0046 0.0057 o.oo5o 0.0042 
* Weight of both adrenals in grams. 
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Table 33 
Adrenal \'Ieight of Mice During Six Days After 
Injection of 0.85% NaC1 
Day After Injection 
1 2 3 4 5 6 
0.0027* 0.0068 o.oo91 0.0072 o.o066 o.oo5o 
0.0074 o.oo74 o.oo58 o.oo35 o.oo9o o.oo8o 
o.oo06 0.0107 o.ol.l4 0.0037 0.0105 0.0025 
o.o14o o.oo3o 0.0079 o.oo42 0.0010 0.0036 
0.0050 o.oo8o 0.0051 o.oo42 0.0071 0.0037 
o.oo6o 0.0045 o.oo56 o.oo57 0.0064 0.0056 
0.0032 o.oo4o 0.0075 0.0131 o.oou 0.0107 
0.0036 o.oo52 o.oo43 0.0038 
* Weight of both adrenals in grams. 
Table 34 
Analysis of Tables 30 Through 33 
Significance of the Change in Adrenal Weight in Mice During Six Days Follovdng 
Injection of Hemophilus pertussis, Salmonella typhosa, 
Normal Horse Serum or o.85% NaCl 
Day After Normal 
Injection !!.• pertussis .§.. typhosa Horse Serum 0.85% ·NaCl 
lst o.o085 ± o.oo2o* 0.0015 ! 0.0033 o.oo58 ± o.OOJ7 o.oo59 ! o.oo4l 
2nd 0.0066 ± 0.0025 0.0083 ± 0.0039 o.oo73 ! o.oo24 o.oo6l ! o.oo26 
p - >.10 ')-.10 ;>.10 ;>.10 
3rd o.oo63 ± o.oo23 o.o083 ± 0.0037 0.0076 ! 0.0029 0.0072 :!: 0.0023 
p. > .o5 >.10 >.lo "> .10 
4th o.oo75 :!: o.oo28 o.o065 ! o.oo22 o.oo52 ! o.oo18 o.oo54 :!: o.oo35 
p - >.10 >.10 >.10 >.10 
5th o.oo41 ± o.ool5 o.o066 ± o.oo26 o.oo75 ± o.oo4o o.oo69 ! o.oo22 
p. < .o1 >.10 >·10 >•10 
6th o.oo65 ± o.oo32 o.oo73 ! o.oo31 o.oo78 ! o.oo42 o.oo54 ! o.oo27 
p .. > .10 >·10 >.10 >.10 
* Mean weight of adrenals in grams and probability of differences. 
~ 
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Table 35 
Adrenal Weight After One Hour of Heat Stress on the 
Fifth Day After Injection of Hemonhilus pertussis, 
Salmonella typhosa, Normal orse Serum 
or o.85% NaCl 
Substance Injected 
Normal 
!!· eertussis ~. tlehosa Horse Serum o.85% NaCl 
o.oo44* 0.0043 o.oo46 0.0031 
0.0072 o.oo4o o.oo.S3 o.o039 
o.oo49 0.0063 0.0027 o.oo.Sl 
o.oo54 0.0043 o.oo24 o.oo43 
0.0063 0.0071 0.0021 o.oou 
0.0083 0.0051 o.oo48 0.0023 
0.0035 0.0033 o.oo64 0.0047 
0.0067 o.oo,S6 o.oo44 o.oo48 
o.ooB5 o.oo46 o.oo5o 0.0027 
o.oo.so o.oo5o o.oo44 0.0047 
* Weight of both adrenals in grams. 
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Table 36 
Adrenal Weight After Three Hours Fifteen Minutes Cold Stress 
on the Fifth Day After Injection of Hemophilus ~ertussis, 
Salmonella typhosa, Normal Horse Serum or 0.8 % NaC1 
Substance Injected 
Normal 
!!· pertussis _£. typhosa Horse Serum o.85% NaC1 
o.oo62* 0.0033 0.0034 o.oo58 
o.oo51 0.0029 0.0032 o.oo35 
0.0038 o.oo4o o.oo43 o.ooso 
0.0044 o.oo53 o.oou o.oo4o 
0.0071 o.oo58 0.0031 o.oo56 
o.oo53 0.0058 o.oo44 0.0063 
0.0043 o.oo41 o.oo6o o.oo86 
o.oo51 o.oo49 o.oo4o 
0. 0062 0.0061 o.oo89 
0.0079 0.0069 o.oo52 
* Weight of both adrenals in grams. 
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Table 37 
Adrenal Weight One Hour After One Hour of Heat Stress and 
One Hour of Cold Stress on the Fifth Day After Injection 
of Hemophilus pertussis, Salmonella t~hosa, 
Normal Horse Serum or o.85% NaC 
Substance Injected 
Nonna.l 
!!· ;eertussis £. tlehosa Horse Serwn 0.85% NaCl 
o.Ol.J.4* 0.0074 0.0105 o.oo44 
0.0077 0.0074 o.0077 0.0092 
o.o112 o.oo94 o.ooBl 0.0060 
0.0062 0.0070 o.oo52 0.0065 
o.oo54 o.oo64 0.0102 0.0133 
0.0092 0.0120 0.0074 0.0092 
o.oo95 0.0063 o.oo94 0.0072 
0.0102 o.oo44 o.0092 o.oo64 
0.0090 o.ooBo 0.0093 0.0090 
o.oo65 o.oo97 o.ouo o.o111 
* Weight of both adrenals in grams. 
77 
Table 38 
Adrenal Weight Four Hours After One Hour of Heat Stress and 
One Hour of Cold Stress on the Fifth Day After Injection of 
Hemophilus pertussis, Salmonella t~hosa, 
Normal Horse Serum or 6.6$% Na 
Substance Injected 
Normal 
!!· pertussis §_. typhosa Horse Serum o.85% NaCl 
0.0064* 0.0071 o.oo51 o.oo48 
o.0095 0.0052 0.0044 0.0032 
0.0060 o.oo73 0.0093 o.oo65 
0.0073 0.0060 0.0072 o.oo48 
0.0095 o.oo92 o.oo47 o.oo12 
o.oo67 0.0070 0.0033 o.oo42 
0.0098 o.oo66 0.0071 o.oo54 
0.0067 o.oo48 0.0075 o.oo68 
0.0062 0.0056 0.0062 0.0038 
o.oo8o o.oo48 0.0052 0.0072 
* Weight of both adrenals in grams. 
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Table 39 
Adrenal Weight Five Yli.nutes After Histamine on the Fifth Day 
After Injection of Hemophilus pertussis, Salmonella typhosa, 
Normal Horse Serum or 0.85% NaCl 
Substance Injected 
Normal 
!!· pertussis ~. typhosa Horse Serum o.85% NaCl 
o.oo61* o.oo43 o.oo62 o.oo41 
o.oo51 o.oo37 0.0035 o.oo59 
o.oo43 o.oo66 o.oo44 o.oo52 
0.0035 0.0018 0.0035 0.0036 
0.0032 0.0047 0.0034 0.0033 
0.0073 o.o060 0.0030 o.oo53 
o.ooso o.oo65 o.oo83 o.oo37 
o.oo84 o.oo52 0.0031 0.0039 
0.0043 o.oo57 0.0078 o.oo55 
o.oo58 o.oo72 o.oo8o 0.0043 
* Weight of both adrenals in grams. 
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Table 40 
Analysis of Tables 35 Through 39 
Significance of the Change in Adrenal Weight in Mice on the Fifth Day After Injection of 
Hemophilus pertussis, Salmonella typhosa, Normal Horse Serum or 0.85% NaCl 
After Stress or Histamine 
Normal 
Treatment !!• pertussis ~. typhosa Horse Serum o.85% NaCl 
No Stress o.oo!w_ + o.oo15* o.oo66 ! o.oo26 o.oo75 + o.oo4o 0.0069 :!: 0.0022 
Immediately after 1 o.oo6o i o.oo17 o.oo49 ! o.oou 0.0042 + 0.0014 0.0040 + 0.0009 
- -hour heat stress 
p .. >.1 >.1 <.01 <.01 
Immediately after 3.25 o.oo55 ! o.oo13 o.oo49 + o.oo13 
-
0.0041 :!: 0.0010 o.oo57 ! o.oo18 
hours cold stress 
p. >·1 >·1 >.1 >.1 
One hour after 1 hour o.oo86 ! o.oo21 0.0078 :!: 0.0021 o.ooaa :!: o.oo17 0.0083 :!: 0.0026 
heat and 1 hour cold 
stress 
p • <.Ol ::>.1 ;>.1 >.1 
Four hours after 1 hour o.oo76 ! o.oo15 o.oo64 :!: o.ool4 o.o06o :!: o.ool8 o.oo54 :!: o.ool5 
heat and 1 hour cold 
stress 
p = <.Ol ';> .1 >.1 >.1 
Five min. after histamine o.0053 :!: o.oo16 o.oo52 ! o.oo16 0.0051 :!: 0.0022 o.oo45 :!: o.ooo9 
p .. >·1 >•1 >.1 < .o1 
* Mean weight of adrenals in grams and probability of differences. 
co 
0 
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Table 41 
Adrenal Cholesterol Content of Mice During Six Days 
After Injection of Hemophilus pertussis 
Day After Injection 
1 2 3 4 5 6 
9.7* 12.7 21.5 37.8 12.4 38.7 
18.4 58;7 15.0 30.5 12.0 18.8 
25.8 38.1 72.9 57.8 25.7 31.4 
10.7 35.5 18.5 37.0 47.4 41.6 
30.8 53.1 46.2 44.2 54.4 69.5 
25.0 36.1 32.7 45.7 47.8 61.0 
27.0 32.6 44.0 45.8 50.9 61.5 
48.2 35.6 56.7 46.4 93.3 60.8 
* Milligrams of cholesterol per gram of adrenal 
tissue. 
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Table 42 
Adrenal Cholesterol Content of Mice During Six Days 
After Injection of Salmonella typhosa 
Day After Injection 
1 2 3 4 5 6 
20.3* 17.9 14.4 51.1 48.4 45.5 
u.o 19.5 22.3 38.3 65.6 37.6 
36.1 90.4 83.9 30.6 39.7 u.o 
43.9 26.5 24.3 46.3 46.2 40.2 
32.2 27.2 25.5 33.6 41.2 60.0 
18.1 40.7 26.7 53.3 74.6 59.3 
53.0 39.9 46.6 40.0 57.1 58.3 
43.2 49.1 51.3 49.1 54.9 
* Milligrams of cholesterol per gram of adrenal 
tissue. 
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Table 43 
Adrenal Cholesterol Content of Mice During Six Days 
After Injection of Normal Horse Serum 
Day After Injection 
1 2 3 4 5 6 
17.1" 19.8 13.5 61.0 26.4 68.2 
24.5 28.8 10.5 69.)~ 28.2 10.9 
66.5 33.9 86.7 64.2 52.9 68.3 
61.6 46.7 22.7 34.6 15.3 28.8 
21.4 37.3 32.7 38.6 67.9 52.0 
64.2 47.4 32.0 61.2 70.0 49.1 
48.0 41.7 28.1 44.9 42.9 37.8 
46.3 59.6 56.9 
* Milligrams of cholesterol per gram of adrenal 
tissue. 
84 
Table 44 
Adrenal Cholesterol Content of Mice During Six Days 
After Injection of 0.85% NaC1 
Day After Injection 
1 2 3 4 5 6 
66.3* 34.4 25.5 39.7 83.0 25.0 
41.4 . 31.6 52.1 67.7 68.0 43.8 
46.4 22.8 20.5 64.1 17.0 20.5 
16.7 67.8 56.6 87.4 76.9 82.7 
53.4 25.5 43.9 63.1 51.9 40.0 
49.5 45.3 61.9 45.6 54.4 42.6 
67.5 58.8 70.8 16.8 68.3 57.1 
6o.o 53.3 60.5 
* Milligrams of cholesterol per gram of adrenal 
tissue. 
Table 45 
Analysis of Tables 41 Through 44 
Significance of the Change of Adrenal Cholesterol in Mice During 
Six Days Following Injection of Hemophilus .pertussis, 
Salmonella typhosa, Normal Horse Serum or 0.85% NaCl 
Day After Normal 
Injection !!• ;eertussis £.. typhosa Horse Serum 0.85% NaCl 
1st 24.4 ! 12.3 * 32.2 ! 14.6 37.9 ! 25.3 48.7 ! 17.2 
2nd 37.9 ! 13.9 38.9 :!: 23.5 31.9 :!: 17.1 43.3! 17.2 
p ... >·1 >·1 '> .1 > .1 
3rd 38.4 :!: 20.3 36.9 :!: 22.7 34.1 ! 24.1 48.1 ! 17.4 
p = >·1 >·1 ~.1 > .1 
4th 43.2 :!: 25.8 42.8 :!: 26.5 54.2 ! 12.9 54.9 :t 22.9 
p ::: < .o1 >·1 > .1 ">·1 
5th 43.0 :!: 26.5 53.5 ! 12.1 43.4 ! 21.2 6o.o :!: 20.3 
p :: < .01 < .o1 '/' .1 >.1 
6th 47.9! 17.9 44.6:!: 17.5 54.0 :t 15.2 44.5 ! 20.8 
p = ( .01 "> .1 '/' .1 > .1 
* Mean milligrams of cholesterol per gram of adrenal tissue and 
probability of differences. 
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Table 46 
Adrenal Cholesterol Content After One Hour of Heat Stress on the 
Fifth Day After Injection of Hemophilus pertussis, 
Salmonella typhosa, Normal Horse Serum or 0.85% NaCl 
Substance Injected 
Normal 
!!• Eertussis ~- typhosa Horse Serwn o.85% NaCl 
72.7* 90.7 97.8 91.9 
54.2 8o.o 69.8 100.0 
85.7 79.4 118.5 103.9 
63.0 97.7 133.3 74.~. 
39.7 50.1 119.0 82.9 
~3.~. 52.9 62.5 130.4 
llt2.9 69.7 70.3 63.8 
71.6 57.1 72.7 81.3 
lJ.8.2 58.7 72.0 87.2 
60.0 78.0 56.8 
* Milligrams of cholesterol per gram of adrenal tissue. 
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Table 47 
Adrenal Cholesterol Content After Three Hours Fifteen Minutes 
Cold Stress on the Fifth Day After Injection of 
Hemophilus Sertussis, Salmonella typhosa, 
Normal orse Serum or 6.85% NaCl 
Substance Injected 
Normal 
!!· pertussis ~- tl£!hosa Horse Serum o.85% NaCl 
40.3* 63.6 73.5 60.3 
68.6 72.5 78.1 77.1 
52.6 43.4 58.1 58.0 
45.5 56.9 70.7 62.5 
32.4 60.3 83.9 62.5 
64.2 53.7 68.2 52.lt. 
46.5 55.1 46.7 4.7.7 
31.4 50.8 72.5 
38.7 39.1 50.6 
30.4 38.5 
* Milligrams of cholesterol per gram of adrenal tissue. 
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. Table 48 
Adrenal Cholesterol Content After One Hour of Heat Stress and 
One Hour of Cold Stress on the Fifth Day After Injection of 
Hemophilus pertussis, Salmonella typhosa, 
Normal Horse Serum or 0.85% NaCl 
Substance Injected 
Normal 
!!· ;eertussis £. typhosa Horse Serum 0.85% NaCl 
34.2* 39.2 35.2 61.!~ 
40.3 51.4 45.5 52.2 
25.9 27.7 46.9 50.0 
46.8 51.~. 53.8 49.2 
38.9 35.9 39.2 41.4 
41.3 33.3 40.5 30.4 
21.1 42.9 21.3 33.3 
21.6 50.0 23.9 34.4 
24.4 41.3 46.2 36.7 
36.9 24.7 48.2 38.7 
* Milligrams of cholesterol per gram of adrenal tissue. 
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Table 49 
Adrenal Cholesterol Content Four Hours After One Hour of 
Heat Stress and One Hour of Cold Stress on the Fifth Day 
After Injection of Hemophilus pertussis, 
Salmonella typhosa, Normal Horse Serum or 6.85% NaCl 
Substance Injected 
Normal 
!!· ;eertussis ~- typhosa Horse Serum o.85% NaCl 
40.6* 36.6 64.7 45.8 
27.4 46.2 59.1 68.8 
55.0 45.2 39.8 53.8 
47.9 36.7 41.7 58.3 
48.4 41.3 59.6 43.1 
65.7 40.0 no.o 66.7 
55.1 54.5 53.5 51.9 
46.3 54.2 72.0 55.9 
53.2 58.9 '50.0 81.6 
41.3 75.0 59.6 54.2 
* Milligrams of cholesterol per gran1 of adrenal tissue. 
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Table 50 
Adrenal Cholesterol Content Five Minutes After Histamine on the 
Fifth Day After Injection of Hemophilus pertussis, 
Salmonella typhosa, Normal Horse Serum or 0.85% NaCl 
Substance Injected 
Normal 
!!• pertussis ~. typhosa Horse Serum o.85% NaC1 
34.4* 60.5 45.2 46.3 
50.9 40.5 65.7 44.1 
48.8 31.8 43.2 40.~. 
65.7 105.6 60.0 52.8 
93.8 55.3 61.8 69.7 
52.1 so.o 63.3 58.5 
46.0 53.8 42.2 56.8 
45.2 44.2 74.2 64.1 
48.8 52.6 59.0 43.6 
44.8 41.7 51.3 86.0 
* Milligrams of cholesterol per gram of adrenal tissue. 
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Table 51 
Analysis of Tables 46 Through 50 
Significance of the Change in Adrenal Cholesterol in l1ice on the Fifth Day After 
Injection of Hemophilus pertussis, Salmonella typhosa, 
Normal Horse Serum or o.ff5% NaCl After Stress or Histamine 
Normal 
Treatment !!• ,eertussis £,. typhosa Horse Serum 0.85% NaCl 
No Stress 43.0 ! 26.1' 53.5 + 12.1 43.4 + 21.2 60.0 :t 20.3 
Immediately after 1 68.1 :!: 29.9 71.5 i 18.5 87.3 i 27. 5 90.6 + 19. 3 
-hour heat stress 
p .. > ·1 < . o1 < .01 <.01 
Immediately after 3.25 45.1 + 13. 3 55.0 :!: 10.1 68 .5 ! 12.5 58. 2 ! 11. 5 
hours cold stress -
p = > ·1 .,. .1 > ·1 > .1 
One hour after 1 hour 33.1 ! 9.2 39.8 ! 9.5 40.1 + 10.0 42.8 ! 9.9 
heat and 1 hour cold 
stress 
p ... >.1 ( .01 > .1 < .Ol 
F'our hours after 1 hour 48.1 ! 10.5 48.9 ! 12.0 61.0 + 20.0 58.o ! n.5 
-heat and 1 hour cold 
stress 
p • >.1 >.5 >.1 >.1 
Five min. after histamine 53.1 + 16.3 53.6 ! 20.1 56.6 + 10.7 56.2 ! 14.0 
p 0:: > :1 >·1 > .1 > ·1 
* Mean milligrams of cholesterol per gram adrenal tissue and probability o.f di.fferences. 
\.() 
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Mice have an increased sensitivity to hist.ami.ne after they have 
been either infected with Hemophilus pertussis or injected with any one 
of several types of vaccines prepared from this organism. Although 
some inforillation concerned with this phenomenon has appeared in the 
literature, there are many points which merit further study. The 
present investigation is concerned with three phases of this probl~n. 
The first exper.llnents were carried out to determine if certain 
other antigenic materials prepared from organisms unrelated to !!• per-
tussis increased histamine sensitivity in mice. Of several antigenic 
materials tested by other workers, only Brucella abortus vaccine has 
been found to have increased sensitivity to histamine in mice. 
The second series of experiments were designed to determine cer-
tain of the properties of the factor present in ~. oertussis which 
induced histamine sensitivity in mice. Certain of these had been re-
ported previously, the most significant being conclusive evidence that 
the sensitizing factor is not the same as the protective factor. 
The third series of experiments were designed to detennine whether 
or not mice were in a state of adrenal insufficiency after receiving 
!!• pertussis. It is known that both mice and rats are much more sensi-
tive to histamine after bilateral adrenalectomy. In addition, other 
workers have reported that cortisone and epinephrine were effective 
in alleviating to some degree histamine hypersensitivity produced by 
either adrenalectomy or!!· pertussis. 
Antigenic preparations were made from Salmonella tlPhosa, ~­
monella typhimurium, Serratia marcescens, Mycobacterium tuberculosis 
?ominis, and normal horse serum. These preparations were inject ed intra-
peritoneallY into mice. On various days following injection of these 
materials, anL~als were given histamine in order to compare their toler-
ance t o this substance with that of controls which had been given either 
g. pertussis vaccine or 0.85% NaCl. 
In order to determine some of the properties of the fac t or in ~. 
pert ussis which produces histami~e sensitivity, samples of a vaccine of 
~---
this organism were treated in the following ways: 
1. In one sample the cells and supernatant were separated by cen-
trifugation. A port ion of the supernatant was filtered through a Selas 
02 filter. The cells were washed and brought back to their original 
volume with 0.85% NaCl. 
2. A second sample was precipitated with an equal volume of 
acetone. The precipitate was collected by centrifugation, dried, and 
resuspended in 0.85% NaCl. 
3. A third sample was divided into 3 portions. One portion was 
heated at 56° C for 30 minutes, another at 56° C for 48 hours, and a 
third at 93° to 95° C for 30 minutes. 
4. Five toxic frac-tions of !!• pertussis were obtained from Drs. 
K. c. Robbins and Louis Pillemer of the Department of Immunochemistry, 
Western Reserve University. 
Groups of mice were injected intraperitoneally with one of the 
above preparations from ~. pertussis. On the fifth day following 
treatment, the histamine tolerance of these groups was compared with 
that of groups which were rendered hypersensitive to histamine by ~. 
pertussis vaccine and with groups treated w-ith 0.85% NaCl. 
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In order to study the activity of the pituita~-adrenal system 
during sensitization of mice to histamine by ~. pertussis, the follow-
ing experiments were carried out: Animals were made hypersensitive to 
histamine by injection of ~. pertussis vaccine. Groups of these hyper-
sensitive mice were then treated with ACTH, cortisone, epinephrine, a 
combination of cortisone and epinephrine, or with the antihistaminic 
drug, Neo-Antergan. Histamine was given to these groups after admin-
istration of the drugs in order to determine the efficacy of the drugs 
in alleviating the histamine hypersensitivity. 
In order to compare certain physiologic changes, the experiments 
outlined below were performed. Groups of mice were injected with ~. 
pertussis vaccine, ~. typhosa vaccine, normal horse serum, or o.B5% 
NaCl. As expected, those given ~· pertussis vaccine became hypersen-
sitive to histamine 5 days later; groups treated with the other 
preparations had a normal tolerance to histamine. Erythrocyte, leuko-
cyte, and differential leukocyte counts were made daily for 5 days and 
at 8 and 12 days after injection of the 4 substances. Eosinophil counts 
were made 30 minutes, 1, 2, and 4 hours and daily for 6 days after in-
jection of the 4 substances. On the fifth day after injection, counts 
were made before and after 2.5 hours of heat stress. Eosinophil counts 
were made on the fifth day after injection of ~. pertussis vaccine be-
fore treatment and after heat stress combined with administration of 
one of the following: ACTH, cortisone, epinephrine, a combination of 
cortisone and epinephrine, or Neo-Antergan. Adrenal weights and adrenal 
cholesterol content were determined daily for 6 days after injection of 
~. pertussi~ ~. tlPhosa vaccines, nonnal horse serum, or 0.85% NaCl. 
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In addition, determina-tions were made on the fifth day after injection of 
the 4 substances combined with heat stress, cold stress, a combination of 
heat and cold stress, or injection of histamine. Cholesterol was deter-
mined by means of the Liebermann-Burchard Reaction. 
In order to determine histologic changes in stressed animals that 
had been treated with~. pertussis vaccine, frozen sections of adrenal 
glands were stained with Sudan Black B for lipids and were examined 
with a polarizer for cholesterol. The animals studied histologically 
included both animals treated with ~. pertussis and animals treated with 
g. pertussis followed b.1 stress. 
It was found that injection of preparations of £. typhosa, £• 
typhimurium, £. marcescens, ~. tuberculosis hominis, and normal horse 
serum into mice did not change the sensitivity of these animals to hista-
mine. Mice which had been given ~· pertussis vaccine developed an 
increased sensitivity to histamine on the fifth day after injection of 
this organism. This increase in sensitivity persisted at least 10 days. 
The histamine-sensitizing factor was present in both the cell-free 
supernatant and the washed cells obtained from ~. pertussis vaccine. 
It was not present in the supernatant which was filtered through a Selas 
02 filter. Precipitation of the vaccine with acetone and subsequent 
reconstitution in 0.85% NaCl resulted in a loss of the sensitizing 
factor. The factor was stable to heating at 56° C for 30 minutes, but 
partially destroyed by heating at 56° C for 48 hours. It was complete-
ly inactivated by heating at 93° to 95° C for 30 minutes. 
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Of the 5 toxic fractions of ~. pertussis tested, only 3 were capable 
of inducing histamine sensitivity. This hypersensitivity was much less 
marked than that which followed injection of the whole, relative~ non-
toxic vaccine. 
Cortisone, epinephrine, a combination of cortisone and epinephrine, 
and Neo-Antergan partially alleviated histamine hypersensitivity induced 
by ~. pertussis vaccine. Maximal effects were obtained with Neo-Anter-
gan or the combination of cortisone and epinephrine. No change was 
observed in hypersensitivity after treatment with ACTH. 
There was a significant elevation in the numbers of leukocytes the 
first day after injection of ~. pertussis vaccine. The increase per-
sisted and was still demonstrable 12 days later. Differential leukocyte 
counts indicated that this elevation involved an increase of all cell 
types. There were no significant changes in the numbers of circulating 
erythrocytes for at least 8 days, indicating absence of hemoconcentra-
tion. There were no significant cP2nges in leukocyte, differential 
leukocyte, or e~;throcyte counts in groups which had been given ~. 
typhosa vaccine, normal horse serum, or o.B5% NaCl. 
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The numbers of circulating eosinophils decreased within 30 minutes 
after injection of~. pertussis or~. typhosa vaccines, and within 1 hour 
after normal horse serum. These decreases were still significant after 
4 hours. There were no significant decreases during 4 hours after in-
jection of 0.85% NaCl. After this initial decrease, there was a marked 
increase in eosinophils after 24 hours in the group which had been given 
~- pertussis vaccine. This increase was maximal on the second day, 
slowly declined, and was absent on the fifth day after injection. The 
counts of the groups which had been given ~- typhosa vaccine, normal 
horse serum, or o.85% NaCl either did not change significant~ or de-
creased slight~ during the same period. 
The numbers of eosinophile were not significantly different after 
2.5 hours of heat stress in the group of mice which had been given H. 
. -
£~rtussis vaccine 5 days previously. The numbers were decreased 
significantly in groups which had been given ~. typhosa vaccine, normal 
horse serum, or 0.85% NaCl. 
Eosinophil counts made on groups, which received ~. pertussis vac-
cine 5 days previously and then were treated with cortisone, epinephrine, 
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or Neo-Antergan, were decreased significantly after heat stress. Similar 
groups treated with either ACTH or a combination of cortisone and epine-
phrine showed no significant change after heat stress. 
The changes which were observed in adrenal weight and cholesterol 
content were irregular and consequently no conclusions could be drawn 
from them. 
Histologically, the adrenal cortices obtained from animals 1 to 5 
days following injection of ~. pertussis vaccine showed no change from 
normal with respect to the amount and distribution of cholesterol and 
sudanophilic lipids. The one obviou~ change was an approximately 50 
per cent decrease in the width of the X-zone. In the adrenal cortices 
• 
of histamine-sensitive mice subjected to varying forms of stress the 
sudanophilic material and cholesterol were markedly depleted, the de-
gree of depletion varying with stress. In addition, the X-zone showed 
almost complete involution, to approximately 10 per cent or less of 
the normal. 
The properties of the presently unknown histamine-sensitizing 
factor in ~. pertussis vaccine and the possible presence of a similar 
factor in other microorganisms have been considered. The relation-
ship of the pituitary-adrenal system to histamine-sensitivity induced 
by administration of ~. pertussis vaccine has been discussed. 
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